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(54) CULTURE METHOD FOR ANIMAL CELL AND DEVICE THEREFOR 

(57)Abstract: 

PURPOSE: To accomplish mass culture of animal cells in high density 
without damaging or destroying the cells by agitation under specified 
conditions using an agitator in a culture tank. 

CONSTITUTION: The revolving shaft 4a of an agitator 4 to suspend animal 
celts into a medium 10 is equipped with plural agitating blades 4b...« and the 
radius of gyration of each of the agitating blades is set at 1 /4 to 3/8 times 
the inner diameter of a culture tank 2 and the number of revolutions at 5 to 
30r.p.m. The cells are fed with oxygen through an aerating tube 3. the cells 
are separated from the medium using a centrifugal separator 1 1 , and a fresh 
medium is fed from a medium reservoir 14 into the culture tank. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The culture approach of the animal cell characterized by agitating the above-mentioned cell culture hquid with a 
churning means to have the impeller formed in magnitude from which the area whose radius of gyration it is the culture approach 
of the animal cell cultivated in the cell culture liquid filled by the cultivation tank, and is 1/4 or more [ of the above-mentioned 
cultivation tank bore ] and 3/8 or less impeller [ one ] becomes 1 /1 5 or more [ of the lengthwise direction cross section of the 
cell culture liquid part of the above-mentioned cultivation tank ]. 

[Claim 2] The culture approach of the animal cell according to claim 1 characterized by making rotational speed into the following 
by 800cm/in the periphery part of an impeller. 

[Claim 3] The culture approach of the animal cell according to claim 1 or 2 characterized by returning an animal cell to a 
cultivation tank, and supplying new cell culture liquid to a cultivation tank with a culture medium supply means while an oxygen 
supply means to have a porous tube at least performs tube aeration, and supplying oxygen into cell culture liquid at an animal 
cell, carrying out centrifugal separation of cell culture liquid and the animal cell with a separation means and sampling cell culture 
liquid out of a cultivation tank. 

[Claim 4] The culture apparatus of the animal cell characterized by having a churning means to have the impeller formed in 
magnitude from which the area whose radius of gyration it is the culture apparatus of the animal cell cultivated in the cell culture 
liquid filled by the cultivation tank, and is 1/4 or more [ of the above-mentioned cultivation tank bore ] and 3/8 or less impeller 
[ one ] becomes 1/15 or more [ of the lengthwise direction cross section of the cell culture liquid part of the above-mentioned 
cultivation tank ], and agitating the above-mentioned cell culture liquid with this churning means. 

[Claim 5] The culture apparatus of an animal cell according to claim 4 with which rotational speed is characterized by being the 
following by 800cm/in the periphery part of an impeller. 

[Claim 6] The culture apparatus of the animal cell according to claim 4 or 5 characterized by having a separation means to return 
an animal cell to a cultivation tank, and a culture medium supply means to supply new cell culture liquid to a cultivation tank while 
it has a porous tube at least, centrifugal separation of an oxygen supply means to perform tube aeration and to supply oxygen 
into cell culture liquid at an animal cell, and cell culture liquid and an animal cell is carried out and cell culture liquid is sampled 
out of a cultivation tank. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] By the continuous culture method, this invention relates to the culture approach of the animal cell which 
makes this animal cell produce the specified substance, such as a monoclonal antibody, and a culture apparatus while cultivating 
animal cells, such as an antibody forming cell. 
[0002] 

[Description of the Prior Art] Establishment of the mass culture approach of the animal cell in a industrial scale is becoming very 
important as a manufacture means for manufacturing biologicals, such as recent years, for example, interferon, erythropoietin, a 
colony stimulating factor, and a monoclonal antibody. 

[0003] Although culture of an animal cell (a "cell" is only called hereafter) is performed the laboratory-scale which used culture 
containers, such as a culture flask and a spinner flask, in having scaled up such a small-scale culture approach simply in the 
industrial scale, it produces un-arranging in respiratory gas exchange, churning effectiveness, etc. of a cell, and cannot carry out 
mass culture of the cell. Then, the mass culture approach of a cell modeled after the mass culture approach using a 
microorganism is considered variously conventionally. 

[0004] However, cells differ in respect of the following as compared with a microorganism. That is. since ** mechanical strength 
is weak, a cell tends to receive damage by churning, foaming, etc. of culture medium, as compared with a microorganism, in order 
to perform ** growth, it needs various nutrients and growth factors, and ** proliferation rate is very slow (doubling-time 
microorganism: during 0.2 - several hour, and cell: one - several days). For this reason, when mass culture of the cell is carried 
out using the jar fermenter (churning type culture apparatus) used for the mass culture of a microorganism, cell density cannot 
be made high in order that growth may stop, when a cell cannot fully grow in response to a mechanical damage etc. and the 
nutrient in a culture container is consumed. Therefore, when mass culture of the cell is carried out using the mass culture 
approach of a microorganism, it has the problem that the productive efficiency of the specified substance is very bad. 
[0005] Then, in order to solve these problems, the continuous culture approach called high density perfusion cultivation is 
devised. By supplying the new culture medium containing a nutrient to a cultivation tank, high density perfusion cultivation 
maintains a cultivation tank at the optimal conditions for growth of a cell, and production of the specified substance, and is 
extensive and a method of cultivating to high density and producing the specified substance about a cell while it samples the 
supernatant liquid (supernatant) of cell culture liquid (a culture medium is called hereafter) including the specified substance and 
wastes out of a cultivation tank. 

[0006] As the above-mentioned conventional high density perfusion cultivation, a cell is enclosed with the hollow filament 
cartridge which has the pore of microscopic smallness. for example. How (JP,62-171669,A) to proliferate a cell by exchanging 
nutriments etc. through the above-mentioned hollow filament, and to produce the specified substance. Fixed cultivation which 
fixes a cell to the front face of the support which consists of a ceramic etc.. is made to increase a cell by exchanging nutriments 
etc. in the above-mentioned carrier surface, and produces the specified substance, such as an approach (OPUCHISERU (CHARU 
sliver, U.S.)). For example, although suspension culture, such as an approach (JP,62-134086,A) of making high density increasing 
a cell and producing the specified substance by combining the decollator which separates a jar fermenter. and an aforementioned 
cell and an aforementioned culture medium, is proposed Since the sampling of a cell, quality control of the specified substance, or 
enlargement of equipment is easy, promising ** of the suspension culture is carried out 
[0007] 

[Problem(s) to be Solved by the Invention] However, in suspension culture, in order to maintain a cultivation tank at the optimal 
conditions for growth of a cell, and production of the specified substance, removal of the physical irritation (shearing force, 
foaming, etc. by churning of a culture medium) to a cell has been an important technical problem. 

[0008] Since churning of a culture medium is performed by rotating the impeller formed in magnitude from which a radius of 
gyration becomes 1/4 or less [ of a cultivation tank bore ] at the rotational frequency more than SOr.p.m.. a turbulent flow occurs 
in a culture medium, and it gives physical irritation, such as shearing force, to a cell, and has the problem of having bad 
influences, such as damage and destruction, on a cell. 

[0009] Thus, in the above-mentioned conventional suspension culture, removal of the physical irritation (shearing force, foaming, 

etc. by churning of a culture medium) to a cell is inadequate. Therefore, it has come to perform mass culture of a cell. 

[0010] 

[Means for Solving the Problem] Invention-in-this-application persons came to complete this invention, as a result of repeating 
examination wholeheartedly, in order to solve the above-mentioned technical problem. 

[001 1] Namely, the culture approach of the animal cell invention according to claim 1 In order to solve the above-mentioned 
technical problem, it is the culture approach of the animal cell cultivated in the cell culture liquid filled by the cultivation tank. It is 
characterized by agitating the above-mentioned cell culture liquid with a churning means to have the impeller formed in 
magnitude from which the area whose radius of gyration is 1/4 or more [ of the above-mentioned cultivation tank bore ] and 3/8 
or less impeller [ one ] becomes 1/15 or more [ of the lengthwise direction cross section of the cell culture liquid part of the 
above-mentioned cultivation tank ]. 

[0012] The culture approach of the animal cell invention according to claim 2 is characterized by making rotational speed into the 
following by 800cm/in the periphery part of an impeller in the culture approach of an animal cell according to claim 1, in order to 
solve the above-mentioned technical problem. 
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[001 3] The culture approach of the animal cell invention according to claim 3 In order to solve the above-mentioned technical 
problem, while an oxygen supply means to have a porous tube at least performs tube aeration and supplying oxygen into cell 
culture liquid at an animal cell in the culture approach of an animal cell according to claim 1 or 2 While carrying out centrifugal 
separation of ceil culture liquid and the animal cell with a separation means and sampling cell culture liquid out of a cultivation 
tank, it is characterized by returning an animal cell to a cultivation tank, and supplying new cell culture liquid to a cultivation tank 
with a culture medium supply means. 

[0014] The culture apparatus of the animal cell of invention according to claim 4 In order to solve the above-mentioned technical 
problem, it is the culture apparatus of the animal cell cultivated in the cell culture liquid filled by the cultivation tank. It has a 
churning means to have the impeller formed in magnitude from which the area whose radius of gyration is 1/4 or more [ of the 
above-mentioned cultivation tank bore ] and 3/8 or less impeller [ one ] becomes 1/15 or more [ of the lengthwise direction 
cross section of the cell culture liquid part of the above-mentioned cultivation tank ]. It is characterized by agitating the above- 
mentioned cell culture liquid with this churning means. 

[0015] In order that the culture apparatus of the animal cell of invention according to claim 5 may solve the above-mentioned 
technical problem, in the culture apparatus of an animal cell according to claim 4, rotational speed is characterized by 800cm 
being the following by /in the periphery part of an impeller. 

[0016] The culture apparatus of the animal cell of invention according to claim 6 In order to solve the above-mentioned technical 
problem, it sets to the culture apparatus of an animal cell according to claim 4 or 5. An oxygen supply means to have a porous 
tube at least, to perform tube aeration into cell culture liquid, and to supply oxygen to an animal cell. While carrying out 
centrifugal separation of cell culture liquid and the animal cell and sampling cell culture liquid out of a cultivation tank, it is 
characterized by having a separation means to return an animal cell to a cultivation tank, and a culture medium supply means to 
supply new cell culture liquid to a cultivation tank. 

[0017] As the above-mentioned culture approach, a suspended-cell-culture method etc. is mentioned, for example, as this 
suspended-cell-culture method, a batch culture method, a SEDDO batch culture method (a semibatch culture method, fed batch 
culture), a continuous culture method, etc. are mentioned, for example, and high density perfusion cultivation etc. is mentioned as 
the above-mentioned continuous culture method, for example. 

[001 8] Moreover, when performing a continuous culture method as the above-mentioned culture approach, there is the approach 
of dissociating using ** filter, ** centrifugal separation separating which is made to sediment with gravity using ** sedimentation 
tubing or a settling tank, and is separated among the separation approaches of a cell and a culture medium. Moreover, when using 
a Homo sapiens antibody forming cell as an animal cell, the serumHree culture liquid with which 0.1 or more g/1 and lactic-acid 
concentration were adjusted [ protein concentration / the dissolved oxygen concentration in 5 or less mg/1 and cell culture 
liquid ] for 0.1 ppm or more, 3 ppm or less, and glucose concentration to the range of 5g/l. or less as cell culture liquid, 
respectively is mentioned. 

[0019] As a radius of gyration of the impeller in the above-mentioned culture apparatus, 1/4 or more [ of a cultivation tank bore ] 
and 3/8 or less range is mentioned. Moreover, as an area of one impeller. 1/15 or more magnitude of the lengthwise direction 
cross section of the cell culture liquid part of a cultivation tank is mentioned, and, specifically, 1/15 or more and 1/4 or less 
magnitude is mentioned. As number of sheets of an impeller, two or more number of sheets is mentioned, and, specifically, two or 
more sheets and four number of sheets or less are mentioned. 

[0020] Moreover, eccentricity may be carried out so that a periphery part may be located [ as opposed to / so that 0 degree - 
15 degrees whenever / tilt-angle / of 5 degrees - about 15 degrees / may be made / as opposed to / so that, as for the impeller 
in the above-mentioned culture apparatus, cell culture liquid may tend to convect in the vertical direction / the revolving shaft / 
desirably and. as for an impeller, cell culture liquid may tend to flow in the centrifugal direction / the vertical line from a revolving 
shaft ] more back than the inside. Furthermore, as die length of the lengthwise direction of an impeller, the about one to 1/4 die 
length of a rotation diameter is mentioned. Moreover, as a rotational speed of an impeller, the following rates are mentioned by 
800cm/in the periphery part of an impeller, and, specifically, 300cm a part for /-, and 800cm rate for /are mentioned. 
[0021] 

[Function] In an approach according to claim 1 the cell culture liquid of an animal cell 1/4 or more [ of the cultivation tank bore 
of the above / a radius of gyration ] Since it agitates with a churning means to have the impeller formed in magnitude from which 
the area of 3/8 or less impeller [ one ] becomes 1/15 or more [ of the lengthwise direction cross section of the cell culture liquid 
part of the above-mentioned cultivation tank ] An animal cell does not receive bad influences, such as damage and destruction, 
by physical irritation, such as shearing force by churning, and it becomes possible in large quantities within a cultivation tank to 
cultivate to high density. 

[0022] In an approach according to claim 2. since rotational speed is made into the following by 800cm/in the periphery part of an 
impeller, an animal cell does not receive bad influences, such as damage and destruction, by physical irritation, such as shearing 
force by churning, and it becomes possible in large quantities within a cultivation tank to cultivate to high density. 
[0023] White an oxygen supply means to have a porous tube at least performs tube aeration and supplying oxygen into cell 
culture liquid in an approach according to claim 3 at an animal cell Since an animal cell is returned to a cultivation tank and new 
cell culture liquid is supplied to a cultivation tank with a culture medium supply means while carrying out centrifugal separation of 
cell culture liquid and the animal cell with a separation means and sampling cell culture liquid out of a cultivation tank While being 
able to maintain the inside of a cultivation tank at the conditions optimal for an animal cell, an animal cell does not receive bad 
influences, such as damage and destruction, by physical irritation, such as shearing force by churning, and it becomes possible in 
large quantities within a cultivation tank to cultivate to high density. 

[0024] In a configuration according to claim 4 1/4 or more [ of the cultivation tank bore of the above / a radius of gyration ] 
Since it has a churning means to have the impeller formed in magnitude from which the area of 3/8 or less impeller [ one ] 
becomes 1/15 or more [ of the lengthwise direction cross section of the cell culture liquid part of the above-mentioned 
cultivation tank ] and the above-mentioned cell culture liquid is agitated with this churning means It becomes possible [ in large 
quantities ] within a cultivation tank to cultivate to high density, without having bad influences by churning, such as damage, 
destruction, etc. by physical irritation, such as shearing force, on an animal cell. 

[0025] In a configuration according to claim 5, since rotational speed is the following by 800cm/in the periphery part of an 
impeller, it becomes possible [ in large quantities / cultivating to high density ] within a cultivation tank, without having bad 
influences by churning, such as damage, destruction, etc. by physical irritation, such as shearing force, on an animal cell. 
[0026] An oxygen supply means to have a porous tube at least, to perform tube aeration into cell culture liquid in a configuration 
according to claim 6. and to supply oxygen to an animal cell. Since it has a separation means to return an animal cell to a 
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cultivation tank and a culture medium supply means to supply new cell culture liquid to a cultivation tank while carrying out 
centrifugal separation of cell culture liquid and the animal cell and sampling cell culture liquid out of a cultivation tank While being 
able to maintain the inside of a cultivation tank at the conditions optimal for an animal cell, an animal cell does not receive bad 
influences, such as damage and destruction, by physical irritation, such as shearing force by churning, and it becomes possible in 
large quantities within a cultivation tank to cultivate to high density. 

[Example] It will be as follows if one example of the culture apparatus of this invention is explained based on drawing J thru/or 

dr awing 4 \ 
[0028] As shown in drawing 1 . the aeration tube (oxygen supply means) 3 and churning equipment (churning means) 4 are 
arranged on the cultivation tank 2 interior, and the culture-medium filling pipe (culture medium supply means) 5, the culture- 
medium sampling tubing (separation means) 6. the cell return tubing (separation means) 7. and an exhaust pipe 8 are anranged. 
and the culture apparatus 1 concerning this example is constituted. The above-mentioned culture apparatus 1 has the thermal 
resistance which is extent which can heat-sterilize. • n j 

[0029] The cultivation tank 2 is produced by hard glass, stainless steel, etc., and cell culture liquid (a culture medium is called 
hereafter) 10 is filled inside. Lid 2a is prepared in the cultivation tank 2. and the hole for inserting the aeration tube 3. the 
culture-medium filling pipe 5, the culture-medium sampling tubing 6. the cell return tubing 7. and an exhaust pipe 8 is established 
in this lid 2a Moreover, the liquid level sensor. DO electrode (dissolved oxygen density measurement machine), and the pH 
electrode (neither is illustrated) are respectively attached in the cultivation tank 2 at the position. Furthermore, the outside is 
covered in the tank, the jacket (not shown), etc. and a cultivation tank 2 can perform now temperature control of the culture 
medium 10 in a cultivation tank 2 by adjusting the water temperature in a tank or a jacket. 

[0030] Although a component is suitably chosen by the animal cell (a "cell" is only called the following which is not illustrated) 
cultivated, a culture medium 10 for example, the RDF-ITES culture medium (Murakami et al. — ) which 2:1:1 came out of RPM! 
1640 culture medium, the dull accretion strange method Eagle s medium, and F-hum 12 culture medium comparatively, and was 
mixed Agric.Biol.Chem.. 46 (7), and 1831- 1937 and 1982 are made into a basal medium and the serum free medium changed by 
adding a minor constituent to this basal medium is used. Since the protein concentration in a culture medium is adjusted to 5 or 
less mg/l in case the specified substance is separated from a culture medium, the bad influence by the protein component is 
reduced, and this serum free medium is tending to refine [ come ] the specified substance. Moreover, since there is little amount 
of the expensive protein used, the above-mentioned serum free medium is economical, when becoming cheap and performing 

continuous culture. „ . . . . ,^ j- 

[0031] Although the optimal thing is chosen by the specified substance which produces the cell cultivated in a culture medium 
10 when the specified substance is a Homo sapiens monoclonal antibody, lymphoid cells (Homo sapiens antibody forming cell), 
such as a recombination cell which introduced the Homo sapiens origin B cell, the mouse hybridoma. the Homo sapiens mouse 
hybridoma and the antibody gene into the myeloma cell, are used, for example. The cell introduced into the culture medium 10 in 
a cultivation tank 2 makes the specified substance produce, after making it increase until it reaches cell density required for 
production of the specified substance. xi u i * 

[0032] Although the aeration tube 3 could pass neither the culture medium 10 nor the cell, for example, the countless hole of 
magnitude which can be passed carried out opening of oxygen or the cari3on dioxide, it is produced by porous tubes, such as a 
porous fluororesin tube, a porous polypropylene tube, and a porous silicon tube, and it is formed spirally and immersed in the 
culture medium 10 in a cultivation tank 2. Although the optimal die length is determined by the diameter of inside and outside of 
the aeration tube 3. the class of cell to cultivate, the culture condition, etc.. the die length of the aeration tube 3 For example, if 
it is the porous fluororesin tube (for example, pore chlorofluocarbon: the Sumitomo Electric Industries. Inc. make. Osaka) of the 
outer diameter of 3-1 0mm. the bore of 2-9mm. 50% of voidage. and the 2 micrometers of the maximum apertures, there should 
just be 03m or more per II. of culture media of die length of 1m or more preferably. Moreover, the oxygen-transfer coefficient 
(kLa) in this case is about 2-5l./hr that what is necessary is just to carry out aeration of air or the oxygen at the rate of 50 
1000 ml/min. into the aeration tube 3. . « • i_ u i ur u j 

[0033] While being pulled out by the cultivation tank 2 exterior by inserting point 3a of the aeration tube 3 in the hole established 
in lid 2a of a cultivation tank 2. end 3b of the aeration tube 3 is opened wide in the upper part of oil-level 10a of a culture 
medium 10 Moreover, point 3a of the aeration tube 3 is connected to a blower, an oxygen cylinder (neither is illustrated), etc. 
which carry out the supplied air of the air, and. thereby, aeration of air or the oxygen is carried out into the aeration tube 3. 
Therefore while being able to carry out the gas exchange of the carbon dioxide in a culture medium 10, and the oxygen in the 
aeration tube 3 by tube aeration on aeration tube 3 front face, top-face aeration can also be perfonmed by oil-level 10a of a 
culture medium 10. The air or oxygen emitted from end 3b of the aeration tube 3 is emitted to the cultivation tank 2 exterior by 
the exhaust pipe 8 inserted in the hole of lid 2a of a cultivation tank 2. Therefore, the oxygen consumption in the culture medium 
10 by breathing of a cell can be compensated, growth of a cell can be urged, and the specified substance can be made to 
produce with the aeration tube 3. ^ .. j • 4.u 

[0034] Moreover the cell density in a culture medium 10 is low at the time of culture initiation of a cell, and since the 
consumption of oxygen is small, the amount of supply of oxygen may also be small [ the time ]. Therefore, what is necessary is to 
carry out aeration of the air into the aeration tube 3. and just to keep dissolved oxygen concentration at 2-6 ppm. And if a 
logarithmic growth phase comes, it becomes high, and since the consumption of oxygen is large, cell density also needs to enlarge 
the amount of supply of oxygen. Therefore, what is necessary is to carry out aeration of the oxygen into the aeration tube 3. and 
just to control dissolved oxygen concentration to 0.1-3 ppm. . l o 

[0035] Furthermore, it connects also with the carbon-dioxide bomb (not shown), and point 3a of the aeration tube 3 can perform 
now pH adjustment of a culture medium 10 by carrying out aeration of the carbon dioxide into the aeration tube 3. In addition, by 
inserting end 3b of the aeration tube 3 in the hole established in lid 2a of a cultivation tank 2. without the ability opening wide in 
the upper part of oil-level 10a of a culture medium 10. it may pull out to the cultivation tank 2 exterior, and you may make it the 
configuration to which attach in instead the vent pipe which is not illustrated to lid 2a. supply air or oxygen independently [ the 
aeration tube 3 ], and top-face aeration is made to carry out by oil-level 10a of a culture medium 10. 

[0036] Churning equipment 4 is produced with stainless steel, a fluororesin. etc.. by being inserted in the hole where revolving- 
shaft 4a was prepared in the core of cultivation tank 2 base, is pulled out by the cultivation tank 2 exterior and connected to the 
churning motor which is not illustrated. Impeller of at least two sheets 4b— is attached in the point of the above-mentioned 
revolving-shaft 4a. When the configuration of impeller 4b is formed in plate-like as shown in drawing 2 for example, although 
especially the configuration of impeller 4b is not limited in order to make a cell suspend in a culture medium 10 at the below- 
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mentioned rotational frequency, without doing damage to a cell — the length of a wing of impeller 4b — what is necessary is just 
to form in die length from which A (namely, radius of gyration of impeller 4b) becomes 1/4 or more [ of the bore C of a cultivation 
tank 2 and 3/8 or less 

[0037] The lengthwise direction cross section of the culture medium 10 when the area (AxB) of impeller 4b turns off a cultivation 
tank 2 to a lengthwise direction height B of impeller 4b 1/15 or more moreover, preferably although specifically based also on the 
depth of the culture medium 1 0 filled by the cultivation tank 2 that what is necessary is just to form In height which becomes 
1/15 or more and 1/4 or less — height B — the length of a wing — what is necessary is just to fonm in height which becomes 
abbreviation 1 / two to twice to A Above-mentioned impeller 4b— makes 0-15 degrees whenever [ tilt-angle / of about 5-15 
degrees ] preferably to revolving-shaft 4a, it is attached, and a culture medium 10 is tending to convect [ come ] in the vertical 
direction. In addition, to the vertical line from revolving-shaft 4a, eccentricity of impeller 4b— may be carried out and it may be 
attached so that a periphery part may be located more back than the inside, so that a culture medium 10 may tend to flow in the 
centrifugal direction. Moreover, besides preparing perpendiculariy to cultivation tank 2 base, to cultivation tank 2 base, revolving- 
shaft 4a may make the include angle of 20 degrees or less, and may prepare revolving-shaft 4a perpendicularly so that a culture 
medium 10 may tend to convect in the vertical direction. 

[0038] Above-mentioned impeller 4b— is impeller 4b, in order to make a culture medium 10 suspend a cell, without doing damage 
to a cell. — The rotational speed of a periphery part below 800 cm/min. preferably It agitates more than 300 cm/min. at a rate 
which becomes below 800 cm/min. specifically Impeller 4b— agitates a culture medium 10 at the rotational frequency below 
20r.p.m. more than lOr.p.m. preferably below 30rp.m. more than 5r.p.m. here — temporary — the length of a wing of impeller 4b. if 
it forms in die length from which A becomes less than [ of the bore C of a cultivation tank 2 ] 1/4 since a cell cannot be made to 
suspend in a culture medium 10 even if it rotates impeller 4b— at the rotational frequency of 30r.p.m. — not being desirable — 
moreover, the length of a wing of impeller 4b, if it forms in die length to which A becomes larger than three eighths of the bores 
C of a cultivation tank 2 Since a turbulent flow arises in a culture medium 10 between an impeller 4b wing tip and cultivation tank 
2 wall and damage is done to a cell, it is not desirable, therefore — above — the length of a wing of impeller 4b — a cell can be 
made to suspend in a culture medium 10, without setting up A and doing damage to a cell by the thing of impeller 4b— for which 
a rotational frequency is controlled 

[0039] In addition, revolving-shaft 4a of churning equipment 4 may be pulled out by the cultivation tank 2 exterior by being 
inserted in the hole established in lid 2a of a cultivation tank 2 instead of being pulled out by the cultivation tank 2 exterior by 
being inserted in the hole established in cultivation tank 2 base. In this case, since it is not necessary to establish a hole in 
cultivation tank 2 base, the structure of a cultivation tank 2 can be simplified. 

[0040] As shown in d rawing 1 , the above-mentioned culture-medium sampling tubing 6 and the above-mentioned cell return 
tubing 7 are produced with stainless steel, a fluororesin. etc.. and are pulled out by the cultivation tank 2 exterior by being 
inserted in the hole established in lid 2a of a cultivation tank 2. And these tubing 6-7 is connected to the centrifugal separator 
(separation means) 1 1 through the pump which is not illustrated, and after separating the cell suspended in a culture medium 10, 
and the specified substance produced by the cell, the specified substance is collected while performing culture-medium 
exchange. That is, by extracting the supernatant liquid (supernatant) of a culture medium 10 with the culture-medium sampling 
tubing 6, carrying out centrifugal separation of a cell and the specified substance with a centrifugal separator 11 , and sending the 
culture medium containing the specified substance to the specified substance cistern (separation means) 13 with the liquid- 
sending tubing 12. while returning the culture medium containing a cell near the pars basilaris ossis occipitalis of a cultivation 
tank 2 with the cell return tubing 7, the specified substance is collected at the same time it performs culture-medium exchange. 
In addition, the specified substance contained in the culture medium stored in the specified substance cistern 13 is isolated and 
refined by the predetermined approach. 

[0041] The above-mentioned centrifugal separator 11 carries out centrifugal separation of the 300 or less xgs of the supernatant 
liquid of a culture medium 10 with the centrifugal acceleration of 100 or less xgs preferably, in order to separate a cell and the 
specified substance, without doing damage to a cell. In addition, the draw of the supernatant liquid of a culture medium 10 may be 
performed continuously, and may be performed intermittently. For example, although it is based on the capacity of a cultivation 
tank 2, the class of cell to cultivate in culture being in a steady state and performing the draw of the supernatant liquid of a 
culture medium 10 continuously, the centrifugal separator 1 1 should just have the capacity that the volume of 1 - 20 l/h can be 
processed by the aseptic condition (for example, cent RITEKKU CC 100: cent RITEKKU A BI. the product made fi-om 
NOSUBORUGU. Sweden). 

[0042] It connects with the culture-medium cistern (culture medium supply means) 14 containing a new culture medium, and the 
above-mentioned culture-medium filling pipe 5 is inserted into the cultivation tank 2 fi-om the hole established in lid 2a of a 
cultivation tank 2. And the culture-medium filling pipe 5 supplies the culture medium containing the specified substance sent to 
the specified substance cistern 13. and a culture medium with new tales doses to a cultivation tank 2. In addition, supply of a new 
culture medium may be performed continuously and you may can^ out intermittently. However, it is desirable to carry out 
continuously, if culture will be in a steady state. 

[0043] The above-mentioned liquid level sensor (not shown) detects the location of oil-level 10a of the culture medium 10 in a 
cultivation tank 2. and inputs it into the control unit which does not illustrate this result. SimilaHy, a pH electrode (not shown) 
measures pH of a culture medium 10, and DO electrode (not shown) measures the dissolved oxygen concentration in a culture 
medium 10, and it inputs a result into a control unit respectively. This aciJusts the amount of the oxygen which a control unit 
adjusts the amount of culture media extracted fi^om the new amount of culture media supplied fi-om the culture-medium filling 
pipe 5, or the culture-medium sampling tubing 6. or carries out aeration into the aeration tube 3. or a carbon dioxide. To 0.1 ppm 
or more and 3 ppm or less, glucose concentration is controlled to 0.1 or more g/l, lactic-acid concentration is controlled for the 
dissolved oxygen concentration in a culture medium 10 at 5 or less g/l, respectively, and the culture medium 10 in a cultivation 
tank 2 is always maintained at the optimal culture environment where growth of a cell and production of the specified substance 
are performed. 

[0044] For example, since a possibility that a cell may receive damage by hyperoxia will arise if dissolved oxygen concentration 
increases more than 3 ppm on the other hand preferably, since a cell will be short of oxygen if the dissolved oxygen 
concentration in a culture medium 10 is set to less than 0.1 ppm, it is not desirable. Moreover, since the toxicity over a cell will 
become large if lactic-acid concentration increases more than 5 g/l on the other hand preferably since a cell will not fully 
increase if glucose concentration becomes inl. and less than O.lg /. the activity of a cell falls and a survival rate falls, it is not 
desirable. In addition, what is necessary is just to carry out the rate of exchange of a culture medium 10 (perfusion ratio) in about 
0.5 - 5 times/day to the amount of culture media in a cultivation tank 2. although based on a class, cell density, etc. of a cell to 



http://www4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_eiie 



2005/03/23 



,JP,06-105680,A [DETAILED DESCRIPTION] 



5/10 ^— i; 



curtivate. 

[0045] Next continuous culture of a cell is performed as one example of the culture approach of this invention using the culture 
apparatus 1 of the above-mentioned configuration, and the result measured for several days on the conditions which show below 
the cell density in a culture medium 10 and the concentration in the inside of the culture medium 10 of the specified substance 
produced by the cell is shown. 

[0046] The S-RDF-ITES culture medium of a component presentation as shown in Table 1 which is a non-blood serum low 
protein culture medium which changed the RDF-ITES culture medium as one culture medium 10 was used for the above- 
mentioned conditions. The Homo sapiens transferrin (2.0 mg/l) and the cow insulin (2.0 mg/l) in Table 1 are a protein component, 
and, therefore, the protein concentration of a S-RDF-ITES culture medium is adjusted to 4.0 mg/l. Moreover, glucose 
concentration is adjusted to 5.0 g/l, 
[0047] 
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[0048] Moreover, the flat bottom jar fermenter (FZ2000: the product made from alpha RABARU, Sweden) with the bore of 
250mm, a height [ of 480mm ], and a capacity of 201. was used as a cultivation tank 2 of two culture apparatus 1 . Temperature 
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control of the culture medium in a flat bottom jar fermenter was performed by adjusting the temperature of the water which it let 
pass in tubing in the jacket which has covered the jar-fermenter outside. 3) the length of a wing formed in plate-like as impeller 
4b — whenever [ tilt-angle / of 5 degrees ] was made and attached to revolving-shaft 4a using the four^sheet aerofoil whose A 
is 80mm and whose height B is 160mm, and it was made to rotate at the rotational frequency of 5 - ISr.p.m. 4) As an aeration 
tube 3. with an outer diameter of 7mm porosity fluororesin tube (Biott make, Tokyo) 5m was rolled spirally, and it dedicated in the 
flat bottom jar fermenter. 5) The liquid level sensor (glass light sensor, made in the Fujiwara factory, Tokyo), the pH electrode 
(465-50-S7: the product made from in GORUTO, Switzerland), and DO electrode (phi25mm-70: the product made from in 
GORUTO, Switzerland) were attached in the above-mentioned flat bottom jar fermenter. 

[0049] Furthermore, before culture of six cells performed main culture with the culture apparatus 1 , it used the culture flask, 1 1, 
round bottom flask, and 61. round bottom flask, and performed preculture. That is, the cell which performs main culture with a 
culture apparatus 1 was proliferated by carrying out batch culture, after inoculating by predetermined cell density using a culture 
flask, 1 1., and 61. round bottom flask. Hereafter, the three above-mentioned kinds of flasks used for preculture are explained. 
[0050] As a culture flask (not shown), the standing type tissue culture flask (T-flask; the Coming make. U.S.) with a capacity of 
150ml was used. 

[0051] As shown in drawing 3 , the glass spinner flask (the Shibata HARIO glass, Tokyo) 22 with a bore [ of 100mm ] and a height 
of 200mm was used as a 11. round bottom flask. The length of a wing A1 formed in plate-like as impeller 24b — of the churning 
equipment 24 in this spinner flask 22 40mm and height B1 The two-sheet aerofoil which is 20mm was used. The aeration 
approach performed top-face aeration which permutes the gas in a flask. Moreover, the pH electrode (405-DPAS-K 8S/325: the 
product made from in GORUTO, Switzerland) which is not illustrated in the spinner flask 22 was attached. Furthermore, 
temperature control of the culture medium in the spinner flask 22 was performed by adjusting the water temperature of the tank 
(not shown) which has covered spinner flask 22 outside. 

[0052] As shown in draw ing 4 , the glass circular jar fermenter (the Shibata HARIO glass, Tokyo) 32 with a bore [ of 190mm ] and 
a height of 250mm was used as a 61. round bottom flask. The length of a wing A2 formed in plate-like as impeller 34b — of the 
churning equipment 34 in this circular jar fermenter 32 40mm and height B-2 Whenever [ tilt-angle / of 5 degrees ] was made 
and attached to revolving-shaft 34a using the four-sheet aerofoil which is 80mm. As an aeration tube 33 which performs tube 
aeration, with an outer diameter of 7mm porosity fluororesin tube (Biott make, Tokyo) 3m was rolled spirally, and it dedicated in 
the circular jar fermenter 32. Moreover, pH electrode(405-DPAS-K 8S/325: product made from in GORUTO. Switzerland) 39a 
and DO electrode (phi14mm: B.E. MARUBISHI make, Tokyo) 39b were attached in the above-mentioned circular jar fermenter 32. 
Furthermore, temperature control of the culture medium in the circular jar fermenter 32 was performed by adjusting the water 
temperature of the tank (not shown) which has covered jar-fermenter 32 outside. In addition, culture environments, such as an 
agitating speed of churning equipment 34 and pH, were controlled using the control device (MCT-3S: the B.E. MARUBISHI make. 
Tokyo) which is not illustrated. 

[0053] And under the conditions of above 1-6, the cell was suspended in predetermined cell density in the S-RDF-ITES culture 
medium (culture medium 10) in a flat bottom jar fermenter (cultivation tank 2), and main culture was started. Moreover, with 
growth of a cell, the culture-medium exchange or continuation perfusion using a centrifugal separator 1 1 was performed, and 
culture was continued. It is shown below by making a result into examples 1-3. However, the culture approach of this invention is 
not limited to examples 1 -3. 

[0054] [Example 1] The Homo sapiens Ig(immunoglobutin) M production Homo sapiens mouse hybridoma cell strain obtained by 
the cell fusion of mouse myeloma P3X63Ag8.653 and a Homo sapiens lymphocyte was used as a cell. 

[0055] First, it is cell density 1.0x105 in 70ml of culture media in T-flask about a cell. If it inoculates and suspends so that it may 
be set to an individual/ml, and it puts at 37 degrees C under the ambient atmosphere of 5% of carbon dioxide levels, it will be cell 
density 7.4x105 after culture initiation on the 3rd. It increased to an individual/ml. Moreover, the antibody (specified substance. 
Homo sapiens IgM) concentration in the time of culture termination was 28 mg/l. 

[0056] Next, it is cell density 1.0x105 in 500ml of culture media in the spinner flask 22 about the cell increased within T-flask. If it 
inoculates and suspends so that it may be set to an individual/ml, and it agitates at 37 degrees 0, pH 6.8-7.1, and the rotational 
frequency of 30r.p.m., it will be cell density 6.6x105 after culture initiation on the 3rd. It increased to an individual/ml. Moreover, 
the antibody concentration in the time of culture termination was 25 mg/l. 

[0057] Furthermore, it is cell density 1.0x105 about the cell increased within the spinner flask 22 in 51. of culture media in the 
circular jar fermenter 32. If it inoculates and suspends so that it may be set to an individual/ml, and it agitates at 37 degrees C, 
pH 6.8-7.1, and the rotational frequency of 13rp.m.. it will be cell density 7.9x105 after culture initiation on the 3rd. It increased 
to an individual/ml. Moreover, the antibody concentration in the time of culture termination was 30 mg/l. 

[0058] About the cell which carried out preculture as mentioned above, it is cell density 1.8x105 in 151. of culture media in a flat 
bottom jar fermenter. It inoculated and suspended so that it might be set to an individual/ml, and main culture was agitated and 
carried out at 37 degrees C, pH 6,8-7.1, and the rotational frequency of lOr.p.m. Moreover, the aeration rate in a porous 
fluororesin tube was made into 200-500ml/min„ and the time of main culture initiation made the oxygen tension in air increase, 
and controlled dissolved oxygen concentration to 0.5-3 ppm as aeration of the air was carried out into the tube, dissolved oxygen 
concentration was kept at 2-6 ppm and the cell increased. Then, it will be cell density 6.8x105 after main culture initiation on the 
3rd. It increased to an individual/ml. Perfusion was performed for 4 hours at this time, culture media were exchanged and 
perfusion was further performed continuously after after [ main culture initiation ] the 4th. In addition, the rate of exchange of a 
culture medium (perfusion ratio) was carried out in 1 - 1.3 times/day to the culture-medium volume (151.) in a flat bottom jar 
fermenter Moreover, the glucose concentration in a main culture period and a culture medium was controlled to 1 or more g/l, 
and lactic-acid concentration was controlled in 2.7g/l. or less, respectively. 

[0059] If main culture of the cell is carried out for 15 days as mentioned above, it increases to cell density as shows in Table 2. 

and will be cell density 7.7x106 after main culture initiation on the 13th. It was set to an individual/ml. Moreover, the cell followed 

on increasing, as shown in Table 2, antibody concentration also increased, and antibody concentration became in I. and 

105mg /after main culture initiation on the 12th. 

[0060] 

[Table 2] 
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[0061] The above resuH: shows urging growrth of a celh and the productivity drive of the specified substance to the culture 
apparatus 1 and the culture approach of the above-mentioned configuration. That is, while it is possible to make it increase by 
the culture apparatus 1 and the culture approach of the above-mentioned configuration, without doing damage etc. to a cell, a 
cell is understood that it is extensive within a cultivation tank, and possible to cultivate to high density, and for it to be stabilized 
and to mass-produce efficiently the antibody which is the specified substance. 

[0062] [Example 2] The mouse IgG production mouse hybridoma cell strain obtained by the cell fusion of mouse myeloma 
P3X63Ag8.653 and a mouse lymphocyte was used as a cell. 

[0063] First, it is cell density 1.1x105 in 70ml of culture media in T-flask about a cell. If it inoculates and suspends so that it may 
be set to an individual/ml, and it puts at 37 degrees C under the ambient atmosphere of 5% of carbon dioxide levels, it will be cell 
density 1.15x106 after culture initiation on the 4th. It increased to an individual/ml. The doubling time of a cell was 28.1 hours. 
[0064] Next it is cell density 2.7x105 in 500ml of culture media in the spinner flask 22 about the cell increased within T-flask. If it 
inoculates and suspends so that it may be set to an individual/ml, and it agitates at 37 degrees C. pH 6.8-7.1, and the rotational 
frequency of 20r.p.m.. it will be cell density 8.2x105 after culture initiation on the 3rd. It increased to an individual/ml. The 
doubling time of a cell was 44.6 hours. 

[0065] Furthermore, it is cell density 3.1x105 about the cell increased within the spinner flask 22 in 51. of culture media in the 
circular jar fermenter 32. If it inoculates and suspends so that it may be set to an individual/ml, and it agitates at 37 degrees C. 
pH 6.8-7.1, and the rotational frequency of 12r.p.m., it will be cell density 1.05x106 after culture initiation on the 2nd. It increased 
to an individual/ml. The doubling time of a cell was 27.0 hours. 

[0066] About the cell which carried out preculture as mentioned above, it is cell density 2.9x105 in 14.51. of culture media in a flat 
bottom jar fermenter. It inoculated and suspended so that it might be set to an individual/ml, and main culture was agitated and 
carried out at 37 degrees C, pH 6.8-7.1. and the rotational frequency of lOr.p.m. Moreover, the aeration rate in a porous 
fluororesin tube was made into 200-500ml/min., and the time of main culture initiation made the oxygen tension in air increase, 
and controlled dissolved oxygen concentration to 0.5-3 ppm as aeration of the air was carried out into the tube, dissolved oxygen 
concentration was kept at 2-6 ppm and the cell increased. Then, it will be cell density 1.08x106 after main culture initiation on 
the 4th. It increased to an individual/ml. Perfusion was performed for 3 hours at this time, and culture media were exchanged. 
Moreover, it will be cell density 1.33x106 after main culture initiation on the 5th. It increased to an individual/ml. Perfusion was 
performed for 3 hours at this time, culture media were exchanged and perfusion was further performed continuously after after 
[ main culture initiation ] the 6th. In addition, the rate of exchange of a culture medium (perfusion ratio) was carried out in 1.5 - 
2.0 times/day to the culture-medium volume (14.51.) in a flat bottom jar fermenter. Moreover, the glucose concentration in a main 
culture period and a culture medium was controlled to 1 .5 or more g/l, and lactic-acid concentration was controlled in 2.3g/l. or 
less, respectively. 

[0067] If main culture of the cell is carried out for 18 days as mentioned above, it increases to cell density as shows in Table 3. 
and will be cell density 3.4x106 after main culture initiation on the 18th. It was set to an individual/ml. 
[0068] 
[Table 3] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2005/03/23 



,JP.06-105680A [DETAILED DESCRIPTION] 



8/10 ^—ty 



(H) 




1 


2. 


9x10 


4 


1. 


1X10* 


5 


1. 


3X10* 


6 


1. 


5x10^ 


7 


1* 


5X10" 


0 

o 


1* 


8X10^ 




1. 


7X10^ 


1 n 
1 U 


1. 


8X10^ 


1 1 


1. 


7X10" 


1 o 


1. 


8X1 0" 


1 d 


2. 


0X10" 


14 


2. 


2X10^ 


15 


2. 


3X1 0" 


1 6 


2. 


7X10" 


17 


2. 


7X10" 


1 8 


3. 


4X10" 



[0069] The above resutt shows urging growth of a cell to the culture apparatus 1 and the culture approach of the above- 
mentioned configuration. That is. while it is possible to make it increase by the culture apparatus 1 and the culture approach of 
the above-mentioned configuration, without doing damage etc. to a cell, a cell is understood that cultivating to high density is 
extensive within a cultivation tank, and possible. 

[0070] [Example 3] The Homo sapiens IgM production recombination cell which makes a Namaiwa cell a host was used as a cell. 
[0071] First, it is cell density 2.0x105 in 70ml of culture media in T-flask about a cell. If it inoculates and suspends so that it may 
be set to an individual/ml. and it puts at 37 degrees C under the ambient atmosphere of 5% of carbon dioxide levels, it will be cell 
density 9.4x105 after culture initiation on the 4th. It increased to an individual/ml. The doubling time of a cell was 43.7 hours. 
Moreover, the antibody (specified substance. Homo sapiens IgM) concentration in the time of culture termination was 5.8 mg/l. 
[0072] Next, it is cell density 2.1x105 in 500ml of culture media in the spinner flask 22 about the cell increased within T^ask. If it 
inoculates and suspends so that it may be set to an individual/ml. and it agitates at 37 degrees C. pH 6.8-7.1, and the rotational 
frequency of 15r.p.m.. it will be cell density 1.27x106 after culture initiation on the 4th. It increased to an individual/ml. The 
doubling time of a cell was 33.8 hours. Moreover, the antibody concentration in the time of culture termination was 3 mg/l. 
[0073] Furthermore, it is cell density 2.6x105 about the cell increased within the spinner flask 22 in 51. of culture media in the 
circular jar fermenter 32. If it inoculates and suspends so that it may be set to an individual/ml. and it agitates at 37 degrees C, 
pH 6.8-7.1. and the rotational frequency of ISr.p.m.. it will be cell density 7.9x105 after culture initiation on the 5th. It increased 
to an individual/ml. The doubling time of a cell was 71.6 hours. Moreover, the antibody concentration in the time of culture 
termination was 3.9 mg/l. . 
[0074] About the cell which carried out preculture as mentioned above, it is cell density 2.3x105 in 15.81. of culture media in a flat 
bottom jar fermenter. It inoculated and suspended so that it might be set to an individual/ml. and main culture was agitated and 
carried out at 37 degrees C. pH 6.8-7.1. and the rotational frequency of lOr.p.m. Moreover, the aeration rate in a porous 
fiuororesin tube was made into 200-500ml/min.. and the time of main culture initiation made the oxygen tension in air increase, 
and controlled dissolved oxygen concentration to 0.5-3 ppm as aeration of the air was carried out into the tube, dissolved oxygen 
concentration was kept at 2-6 ppm and the cell increased. Then, it increased to 9.2x105 cell density/ml after main culture 
initiation on the 3rd. Perfusion was performed for 3 hours at this time, and culture media were exchanged. It will be cell density 
1.7x106 after main culture initiation on the 5th. It increased to an individual/ml. Perfusion was performed for 3 hours at this time, 
and culture media were exchanged. It increased to 2.7x106 cell density/ml after main culture initiation on the 6th. Perfusion was 
performed for 3 hours at this time, and culture media were exchanged It will be cell density 4.1x106 after main culture initiation 
on the 7th. It increased to an individual/ml. Perfusion was performed for 3 hours at this time, culture media were exchanged and 
perfusion was further performed continuously after after [ main culture initiation ] the 8th. In addition, the rate of exchange of a 
culture medium (perfusion ratio) was carried out in 1.5 - 5 times/day to the culture-medium volume (15.81.) in a flat bottom jar 
fermenter. Moreover, the glucose concentration in a main culture period and a culture medium was controlled to 1.5 or more g/l. 
and lactic-acid concentration was controlled in 2.5g/l. or less, respectively. 

[0075] If main culture of the cell is carried out for 21 days as mentioned above, it increases to cell density as shows in Table 4, 
and will be cell density 1.8x107 after main culture initiation on the 20th. It was set to an individual/ml. Moreover, the cell followed 
on increasing, as shown in Table 4. antibody concentration also increased, and the antibody concentration on and after after 
[ main culture initiation ] the 1 1th was stabilized with 10-19 mg/i. 
[0076] 
[Table 4] 
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[0077] The above result shows urging growth of a cell, and the productivity drive of the specified substance to the culture 
apparatus 1 and the culture approach of the above-mentioned configuration. That is. while it is possible to make it increase by 
the culture apparatus 1 and the culture approach of the above-mentioned configuration, without doing damage etc. to a cell, a 
cell is understood that it is extensive within a cultivation tank, and possible to cultivate to high density, and for it to be stabilized 
and to mass-produce efficiently the antibody which is the specified substance. 

[0078] In addition, the above-mentioned examples 1-3 show an example of a cell culture which used the culture approach of this 
invention, and the culture apparatus, and. of course, environments including culture, such as the dimension of cultivation tank 2 
grade, the approach of preculture and equipment a component presentation of a culture medium 10, a class of cell, and 
temperature, pH of a culture medium, etc. are not limit to a numeric value, a class, etc. which were showed in the above- 
mentioned examples 1-3, and they can change them suitably if needed. Moreover, of course, by the days shown in the above- 
mentioned examples 1-3, it is not closed and the culture days (period) of a cell can carry out [ termination or ] continuous 
culture of the cell over several months or several years using the culture approach of this invention, and a culture apparatus. 
[0079] 

[Effect of the Invention] The culture approach of the animal cell invention according to claim 1 is the approach of agitating the 
above-mentioned cell culture liquid with a churning means to have the impeller formed in magnitude from which the area whose 
radius of gyration is 1/4 or more [ of the above-mentioned cultivation tank bore ] and 3/8 or less impeller [ one ] becomes 1/15 
or more [ of the lengthwise direction cross section of the cell culture liquid part of the above-mentioned cultivation tank ] as 
mentioned above. 

[0080] The effectiveness of an animal cell not receiving bad influences, such as damage and destruction, by physical irritation, 
such as shearing force by churning, and becoming possible in large quantities within a cultivation tank to cultivate to high density 
by this is done so. 

[0081] The culture approach of the animal cell invention according to claim 2 is the approach of making rotational speed the 
following by 800cm/in the periphery part of an impeller in the culture approach of an animal cell according to claim 1 as 
mentioned above. 

[0082] The effectiveness of an animal cell not receiving bad influences, such as damage and destruction, by physical irritation, 
such as shearing force by churning, and becoming possible in large quantities within a cultivation tank to cultivate to high density 
by this is done so. 

[0083] The culture approach of the animal cell invention according to claim 3 As mentioned above, while an oxygen supply means 
to have a porous tube at least performs tube aeration and supplying oxygen into cell culture liquid at an animal cell in the culture 
approach of an animal cell according to claim 1 or 2 While carrying out centrifugal separation of cell culture liquid and the animal 
cell with a separation means and sampling cell culture liquid out of a cultivation tank, it is the approach of returning an animal cell 
to a cultivation tank, and supplying new cell culture liquid to a cultivation tank with a culture medium supply means. 
[0084] Thereby, while being able to maintain the inside of a cultivation tank at the conditions optimal for an animal cell, an animal 
cell does not receive bad influences, such as damage and destruction, by physical irritation, such as shearing force by churning, 
and the effectiveness of becoming possible in large quantities within a cultivation tank to cultivate to high density is done so. 
[0085] The culture apparatus of the animal cell of invention according to claim 4 is a configuration which is equipped with a 
churning means to have the impeller formed in magnitude from which the area whose radius of gyration is 1 /4 or more [ of the 
above-mentioned cultivation tank bore ] and 3/8 or less impeller [ one ] becomes 1/15 or more [ of the lengthwise direction 
cross section of the cell culture liquid part of the above-mentioned cultivation tank ] as mentioned above, and agitates the 
above-mentioned cell culture liquid with this churning means. 

[0086] This does so the effectiveness of becoming possible [ in large quantities ] within a cultivation tank to cultivate to high 
density, without having bad influences by churning, such as damage, destruction, etc. by physical irritation, such as shearing 
force, on an animal cell. 
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[0087] In the culture apparatus of an animal cell according to claim 4, the rotational speed of the culture apparatus of the anima! 
cell of invention according to claim 5 is the configuration of being the following by 800cm/, in the periphery part of an impeller as 
mentioned above. 

[0088] This does so the effectiveness of becoming possible [ in large quantities ] within a cultivation tank to cultivate to high 
density, without having bad influences by churning, such as damage, destruction, etc. by physical irritation, such as shearing 
force, on an animal cell. 

[0089] The culture apparatus of the animal cell of invention according to claim 6 As mentioned above, it sets to the culture 
apparatus of an animal cell according to claim 4 or 5. An oxygen supply means to have a porous tube at least, to perform tube 
aeration into cell culture liquid, and to supply oxygen to an animal cell. While carrying out centrifugal separation of cell culture 
liquid and the animal cell and sampling cell culture liquid out of a cultivation tank, it is a configuration equipped with a separation 
means to return an animal cell to a cultivation tank, and a culture medium supply means to supply new cell culture liquid to a 
cultivation tank. 

[0090] Thereby, while being able to maintain the inside of a cultivation tank at the conditions optimal for an animal cell, an animal 
cell does not receive bad influences, such as damage and destruction, by physical irritation, such as shearing force by churning, 
and the effectiveness of becoming possible in large quantities within a cultivation tank to cultivate to high density is done so. 
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TECHNICAL RELD 



[Industrial Application] By the continuous culture method, this invention relates to the culture approach of the animal cell which 
makes this animal cell produce the specified substance, such as a monoclonal antibody, and a culture apparatus wh.le cultivating 
animal cells, such as an antibody forming cell. 
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PRIOR ART 



[Description of the Prior Art] Establishment of the mass culture approach of the animal cell in a industrial scale is becoming very 
important as a manufacture means for manufacturing biologicals. such as recent years, for example, interferon, erythropoietin, a 
colony stimulating factor, and a monoclonal antibody. .... ^ u 

[0003] Although culture of an animal cell (a "cell" is only called hereafter) is performed the laboratory-scale which used culture 
containers such as a culture flask and a spinner flask, in having scaled up such a small-scale culture approach simply in the 
industrial scale, it produces un-arranging in respiratory gas exchange, churning effectiveness, etc. of a cell, and cannot carry out 
mass culture of the cell. Then, the mass culture approach of a cell modeled after the mass cufture approach using a 
microorganism is considered variously conventionally. . ■ i 

[0004] However, cells differ in respect of the following as compared with a microorganism. That is. since ** mechanical strength 
is weak, a cell tends to receive damage by churning, foaming, etc. of culture medium, as compared with a microorganism, in order 
to perform ** growth, it needs various nutrients and growth factors, and ** proliferation rate is very slow (doubling-time 
microorganism- during 0.2 - several hour, and cell: one - several days). For this reason, when mass culture of the cell is carried 
out using the jar fermenter (churning type culture apparatus) used for the mass culture of a microorganism, cell density cannot 
be made high in order that growth may stop, when a cell cannot fully grow in response to a mechanical damage etc. and the 
nutrient in a culture container is consumed. Therefore, when mass culture of the cell is carried out using the mass culture 
approach of a microorganism, it has the problem that the productive efficiency of the specified substance is very bad. 
[0005] Then, in order to solve these problems, the continuous culture approach called high density perfusion cultivation is 
devised By supplying the new culture medium containing a nutrient to a cultivation tank, high density perfusion cultivation 
maintains a cultivation tank at the optimal conditions for growth of a cell, and production of the specified substance, and is 
extensive and a method of cultivating to high density and producing the specified substance about a cell while it samples the 
supernatant liquid (supernatant) of cell culture liquid (a culture medium is called hereafter) including the specified substance and 

wastes out of a cultivation tank -^^ ^. ^ u x-, 

[0006] As the above-mentioned conventional high density perfusion cultivation, a cell is enclosed with the hollow filament 
cartridge which has the pore of microscopic smallness. for example. How (JP.62-171669.A) to proliferate a cell by exchanging 
nutriments etc. through the above-mentioned hollow filament, and to produce the specified substance. Fixed cultivation which 
fixes a cell to the front face of the support which consists of a ceramic etc.. is made to increase a cell by exchanging nutnments 
etc in the above-mentioned carrier surface, and produces the specified substance, such as an approach (OPUCHISERU (CHARU 
sliver US)) For example, although suspension culture, such as an approach (JP.62-134086.A) of making high density increasing 
a cell' and producing the specified substance by combining the decollator which separates ajar fermenter, and an aforementioned 
cell and an aforementioned culture medium, is proposed Since the sampling of a cell, quality control of the specified substance, or 
enlargement of equipment is easy, promising ** of the suspension culture is carried out. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The culture approach of the animal cell invention according to claim 1 is the approach of agitating the 
above-mentioned cell culture liquid with a churning means to have the impeller formed in magnitude from which the area whose 
radius of gyration is 1/4 or more [ of the above-mentioned cultivation tank bore ] and 3/8 or less impeller [ one ] becomes 1/15 
or more [ of the lengthwise direction cross section of the cell culture liquid part of the above-mentioned cultivation tank ] as 
mentioned above. 

[0080] The effectiveness of an animal cell not receiving bad influences, such as damage and destruction, by physical irritation, 
such as shearing force by churning, and becoming possible in large quantities within a cultivation tank to cultivate to high density 
by this is done so. 

[0081] The culture approach of the animal cell invention according to claim 2 is the approach of making rotational speed the 
following by 800cm/in the periphery part of an impeller in the culture approach of an animal cell according to claim 1 as 
mentioned above. 

[0082] The effectiveness of an animal cell not receiving bad influences, such as damage and destruction, by physical irritation, 
such as shearing force by churning, and becoming possible in large quantities within a cultivation tank to cultivate to high densfty 
by this is done so. 

[0083] The culture approach of the animal cell invention according to claim 3 As mentioned above, while an oxygen supply means 
to have a porous tube at least performs tube aeration and supplying oxygen into cell culture liquid at an animal cell in the culture 
approach of an animal cell according to claim 1 or 2 While carrying out centrifugal separation of cell culture liquid and the animal 
cell with a separation means and sampling cell culture liquid out of a cultivation tank, it is the approach of returning an animal cell 
to a cultivation tank, and supplying new cell culture liquid to a cultivation tank with a culture medium supply means. 
[0084] Thereby, while being able to maintain the inside of a cultivation tank at the conditions optimal for an animal cell, an animal 
cell does not receive bad influences, such as damage and destruction, by physical irritation, such as shearing force by churning, 
and the effectiveness of becoming possible in large quantities within a cultivation tank to cultivate to high density is done so. 
[0085] The culture apparatus of the animal cell of invention according to claim 4 is a configuration which is equipped with a 
churning means to have the impeller formed in magnitude from which the area whose radius of gyration is 1 /4 or more [ of the 
above-mentioned cultivation tank bore ] and 3/8 or less impeller [ one ] becomes 1/15 or more [ of the lengthwise direction 
cross section of the cell culture liquid part of the above-mentioned cultivation tank ] as mentioned above, and agitates the 
above-mentioned cell culture liquid with this churning means. 

[0086] This does so the effectiveness of becoming possible [ in large quantities ] within a cultivation tank to cultivate to high 
density, without having bad influences by churning, such as damage, destruction, etc. by physical irritation, such as shearing 
force, on an animal cell. 

[0087] In the culture apparatus of an animal cell according to claim 4, the rotational speed of the culture apparatus of the animal 
cell of invention according to claim 5 is the configuration of being the following by 800cm/, in the periphery part of an impeller as 
mentioned above. 

[0088] This does so the effectiveness of becoming possible [ in large quantities ] within a cultivation tank to cultivate to high 
density, without having bad influences by churning, such as damage, destruction, etc. by physical irritation, such as shearing 
force, on an animal cell. 

[0089] The culture apparatus of the animal cell of invention according to claim 6 As mentioned above, it sets to the culture 
apparatus of an animal cell according to claim 4 or 5. An oxygen supply means to have a porous tube at least, to perform tube 
aeration into cell culture liquid, and to supply oxygen to an animal cell. While carrying out centrifugal separation of cell culture 
liquid and the animal cell and sampling cell culture liquid out of a cultivation tank, it is a configuration equipped with a separation 
means to return an animal cell to a cultivation tank, and a culture medium supply means to supply new cell culture liquid to a 
cultivation tank. 

[0090] Thereby, while being able to maintain the inside of a cultivation tank at the conditions optimal for an animal cell, an animal 
cell does not receive bad influences, such as damage and destruction, by physical irritation, such as shearing force by churning, 
and the effectiveness of becoming possible in large quantities within a cultivation tank to cultivate to high density is done so. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in suspension culture, in order to maintain a cultivation tank at the optimal 
conditions for growth of a cell, and production of the specified substance, removal of the physical irritation (shearing force, 
foaming, etc. by churning of a culture medium) to a cell has been an important technical problem. 

[0008] Since churning of a culture medium is performed by rotating the impeller formed in magnitude from which a radius of 
gyration becomes 1/4 or less [ of a cultivation tank bore ] at the rotational frequency more than 30r.p.m.. a turbulent flow occurs 
in a culture medium, and it gives physical irritation, such as shearing force, to a cell, and has the problem of having bad 
influences, such as damage and destruction, on a celt. 

[0009] Thus, in the above-mentioned conventional suspension culture, removal of the physical irritation (shearing force, foaming, 
etc. by churning of a culture medium) to a cell is inadequate. Therefore, it has come to perform mass culture of a cell. 
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MEANS 



[Means for Solving the Problem] Invention-in-this-application persons came to complete this invention, as a result of repeating 
examination wholeheartedly, in order to solve the above-mentioned technical problem. 

[001 1] Namely, the culture approach of the animal cell invention according to claim 1 In order to solve the above-mentioned 
technical problem, it is the culture approach of the animal cell cultivated in the cell culture liquid filled by the cultivation tank. It is 
characterized by agitating the above-mentioned cell culture liquid with a churning means to have the impeller formed in 
magnitude from which the area whose radius of gyration is 1/4 or more [ of the above-mentioned cultivation tank bore ] and 3/8 
or less impeller [ one ] becomes 1/15 or more [ of the lengthwise direction cross section of the cell culture liquid part of the 
above-mentioned cultivation tank ]. 

[0012] The culture approach of the animal cell invention according to claim 2 is characterized by making rotational speed into the 
following by 800cm/in the periphery part of an impeller in the culture approach of an animal cell according to claim 1 . in order to 
solve the above-mentioned technical problem. 

[0013] The culture approach of the animal cell invention according to claim 3 In order to solve the above-mentioned technical 
problem, while an oxygen supply means to have a porous tube at least performs tube aeration and supplying oxygen into cell 
culture liquid at an animal cell in the culture approach of an animal cell according to claim 1 or 2 While carrying out centrifugal 
separation of cell culture liquid and the animal cell with a separation means and sampling cell culture liquid out of a cultivation 
tank, it is characterized by returning an animal cell to a cultivation tank, and supplying new cell culture liquid to a cultivation tank 
with a culture medium supply means. 

[0014] The culture apparatus of the animal cell of invention according to claim 4 In order to solve the above-mentioned technical 
problem, it is the culture apparatus of the animal cell cultivated in the cell culture liquid filled by the cultivation tank. It has a 
churning means to have the impeller formed in magnitude from which the area whose radius of gyration is 1/4 or more [ of the 
above-mentioned cultivation tank bore ] and 3/8 or less impeller [ one ] becomes 1/15 or more [ of the lengthwise direction 
cross section of the cell culture liquid part of the above-mentioned cultivation tank ]. It is characterized by agitating the above- 
mentioned cell culture liquid with this churning means. 

[0015] In order that the culture apparatus of the animal cell of invention according to claim 5 may solve the above-mentioned 
technical problem, in the culture apparatus of an animal cell according to claim 4, rotational speed is characterized by 800cm 
being the following by /in the periphery part of an impeller. 

[0016] The culture apparatus of the animal cell of invention according to claim 6 In order to solve the above-mentioned technical 
problem, it sets to the culture apparatus of an animal cell according to claim 4 or 5. An oxygen supply means to have a porous 
tube at least, to perfomn tube aeration into cell culture liquid, and to supply oxygen to an animal cell. While carrying out 
centrifugal separation of cell culture liquid and the animal cell and sampling cell culture liquid out of a cultivation tank, it is 
characterized by having a separation means to return an animal cell to a cultivation tank, and a culture medium supply means to 
supply new cell culture liquid to a cultivation tank. 

[001 7] As the above-mentioned culture approach, a suspended-cell-culture method etc. is mentioned, for example, as this 
suspended-cell-culture method, a batch culture method, a SEDDO batch culture method (a semibatch culture method, fed batch 
culture), a continuous culture method, etc. are mentioned, for example, and high density perfusion cultivation etc. is mentioned as 
the above-mentioned continuous culture method, for example. 

[001 8] Moreover, when performing a continuous culture method as the above-mentioned culture approach, there is the approach 
of dissociating using ** filter, ** centrifugal separation separating which is made to sediment with gravity using ** sedimentation 
tubing or a settling tank, and is separated among the separation approaches of a cell and a culture medium. Moreover, when using 
a Homo sapiens antibody forming cell as an animal cell, the serum-free culture liquid with which 0.1 or more g/l and lactic-acid 
concentration were adjusted [ protein concentration / the dissolved oxygen concentration in 5 or less mg/l and cell culture 
liquid ] for 0.1 ppm or more. 3 ppm or less, and glucose concentration to the range of 5g/l. or less as cell culture liquid, 
respectively is mentioned. 

[0019] As a radius of gyration of the impeller in the above-mentioned culture apparatus. 1/4 or more [ of a cultivation tank bore ] 
and 3/8 or less range is mentioned. Moreover, as an area of one impeller, 1/15 or more magnitude of the lengthwise direction 
cross section of the cell culture liquid part of a cultivation tank is mentioned, and. specifically. 1/15 or more and 1/4 or less 
magnitude is mentioned. As number of sheets of an impeller, two or more number of sheets is mentioned, and, specifically, two or 
more sheets and four number of sheets or less are mentioned. 

[0020] Moreover, eccentricity may be carried out so that a periphery part may be located [ as opposed to / so that 0 degree - 
1 5 degrees whenever / tilt-angle / of 5 degrees - about 1 5 degrees / may be made / as opposed to / so that, as for the impeller 
in the above-mentioned culture apparatus, cell culture liquid may tend to convect in the vertical direction / the revolving shaft / 
desirably and. as for an impeller, cell culture liquid may tend to flow in the centrifugal direction / the vertical line from a revolving 
shaft ] more back than the inside. Furthermore, as die length of the lengthwise direction of an impeller, the about one to 1/4 die 
length of a rotation diameter is mentioned. Moreover, as a rotational speed of an impeller, the following rates are mentioned by 
800cm/in the periphery part of an impeller, and. specifically. 300cm a part for /-, and 800cm rate for /are mentioned. 
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OPERATION 



[Function] In an approach according to claim 1 the cell culture liquid of an animal cell 1/4 or more [ of the cultivation tank bore 
of the above / a radius of gyration ] Since it agitates with a churning means to have the impeller formed in magnitude from which 
the area of 3/8 or less impeller [ one ] becomes 1 /1 5 or more [ of the lengthwise direction cross section of the cell culture liquid 
part of the above-mentioned cultivation tank ] An animal cell does not receive bad influences, such as damage and destruction, 
by physical irritation, such as shearing force by churning, and it becomes possible in large quantities within a cultivation tank to 
cultivate to high density. 

[0022] In an approach according to claim 2, since rotational speed is made into the following by 800cm/in the periphery part of an 
impeller, an animal cell does not receive bad influences, such as damage and destruction, by physical irritation, such as shearing 
force by churning, and rt becomes possible in large quantities within a cultivation tank to cultivate to high density. 
[0023] While an oxygen supply means to have a porous tube at least performs tube aeration and supplying oxygen into cell 
culture liquid in an approach according to claim 3 at an animal cell Since an animal cell is returned to a cultivation tank and new 
cell culture liquid is supplied to a cultivation tank with a culture medium supply means while carrying out centrifugal separation of 
cell culture liquid and the animal cell with a separation means and sampling cell culture liquid out of a cultivation tank While being 
able to maintain the inside of a cultivation tank at the conditions optimal for an animal cell, an animal cell does not receive bad 
influences, such as damage and destruction, by physical irritation, such as shearing force by churning, and it becomes possible in 
large quantities within a cultivation tank to cultivate to high density. 

[0024] In a configuration according to claim 4 1/4 or more [ of the cultivation tank bore of the above / a radius of gyration ] 
Since it has a churning means to have the impeller formed in magnitude from which the area of 3/8 or less impeller [ one ] 
becomes 1/15 or more [ of the lengthwise direction cross section of the cell culture liquid part of the above-mentioned 
cultivation tank ] and the above-mentioned cell culture liquid is agitated with this churning means It becomes possible [ in large 
quantities ] within a cultivation tank to cultivate to high density, without having bad influences by churning, such as damage, 
destruction, etc. by physical irritation, such as shearing force, on an animal cell. 

[0025] In a configuration according to claim 5, since rotational speed is the following by 800cm/in the periphery part of an 
impeller, it becomes possible [ in large quantities / cultivating to high density ] within a cultivation tank, without having bad 
influences by churning, such as damage, destruction, etc. by physical irritation, such as shearing force, on an animal cell. 
[0026] An oxygen supply means to have a porous tube at least, to perform tube aeration into cell culture liquid in a configuration 
according to claim 6, and to supply oxygen to an animal cell. Since it has a separation means to return an animal cell to a 
cultivation tank, and a culture medium supply means to supply new cell culture liquid to a cultivation tank while carrying out 
centrifugal separation of cell culture liquid and the animal cell and sampling cell culture liquid out of a cultivation tank While being 
able to maintain the inside of a cultivation tank at the conditions optimal for an animal cell, an animal cell does not receive bad 
influences, such as damage and destruction, by physical irritation, such as shearing force by churning, and it becomes possible in 
large quantities within a cultivation tank to cultivate to high density. 
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EXAMPLE 

[Example] It will be as follows if one example of the culture apparatus of this invention is explained based on drawing 1 thru/ or 
drawing 4 . 

[0028] The culture apparatus 1 applied to this example as shown in drawing 1 is the aeration tube (oxygen supply means) 3 and 
churning equipment to the cultivation tank 2 interior. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[D rawing 1 ] It is the block diagram showing the configuration of the culture apparatus in one example of this invention. 
[Drawing 2] It is the explanatory view showing the magnitude of the impeller in the above-mentioned culture apparatus. 
[ Dr awing 3] It is the explanatory view of the spinner flask used for preculture. 
[Drawing 4] It is the explanatory view of the circular jar fermenter used for preculture. 
[Description of Notations] 

1 Culture Apparatus 

2 Cultivation Tank 

3 Aeration Tube (Oxygen Supply Means) 

4 Churning Equipment (Churning Means) 
4b Impeller 

5 Culture-Medium Filling Pipe (Culture Medium Supply Means) 

6 Culture-Medium Sampling Tubing (Separation Means) 

7 Cell Return Tubing (Separation Means) 

10 Culture Medium (Cell Culture Liquid) 

1 1 Centrifugal Separator (Separation Means) 

13 Specified Substance Cistern (Separation Means) 

14 Culture-Medium Cistern (Culture Medium Supply Means) 
A Length of a wing (namely, radius of gyration) 

B Height 
C Bore 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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^^-c©ifi!WBlia©;^fiiSS:)7 ffi©sSiz:*^S*'^ 
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[0003] lijiesfflBa (WT. mcc rfflBSj tft^r?.) 
©esa. ^ii77;^3^;^f:f--77;^aif©ssg 

'm«©JS«:&ft*X«W«««c^if4tc^-r-JU • T 
7'Lfc©-Cti, fflga©ii?tR*'^?£»-^ti^^*^'^^ 

[0 004] iC^*^. ifflBa«^t«3itk^L'-C. «T 



ai^i^ : 0. 2-is^PrI. ifflaa : 1 ~S4ara) . c<Dtc 

to. ^ia©:*d^S«:fflc>6n€>i^i--'7r-^>^ 

■ct-r. */c. ^Sggrt©^§^*«B1fl//cffi?p*-CtS 
li, Sf-^-C. St^!ej©;A:S^«:^«S:fflt'^r«a)ia€::A:« 

^^U/cli^CCtt. aW!K5©^e^ft^*^#^^«CB''^<J^<'* 

[000 5] ^cr. cti6orais*)B?^"r*/cto(c, 
^/d^B^Ja^«•it (wr. ^ttiifi^-rs) ©±rt (±js 

30 iWfeJ:0'BW«J©*®c«3S©^ti:«^. fflsa*:*: 

[0006] ±ieS£*©iiiffiSit?j£^s^i br«, w 

4r«Ao. ±fe©4'^**/rL--c^«!^^«:3£^-rec 
<!:-cifflua=&i©«3-a-c:B6^«5«:iS-r^>:^^ (Idealise 

2- 1 7 1 66 9-^iir$e) . -fe^ 5 i'HA^e.^cSfift 

©^®ccjiBa=&ii^b> ±5B©fi(*«atc-rss«!^?: 

AO mmHit. e<lx«> BUtB©i^ + -7r-^>i?-<t. IB 

(ItlBBSe 2- 1 3408 6-^£:?8) ^©SKSSSffii 
•mWM. *^)i,milg©:^-ft**SB^i:c: SS 

[0007] 

#i4{c*jL>-c. ^git4ae)ia©*w*i<kcfsw%©^s 
50 tc«kS©^fl^fc^o{c». *ffljK{cstr2>!^se«j|iJ»[ <s 



3 

Jfe<DtWf {C J: ^ tmtl^^^^ ) ©^**iSSfea!S i. 

[0008] ^mmmt, mut, mn^ws^^^ 

85:3 0 r.p.ni.JiLh©|5ie»-C|5I?£U-Ctft)tvCl»5/c 
if), eia«cSL?ia*s^ib-CiMBacc!5»T;'35?CD^®Wf«]aS[ 

[0009] c oj: ^ tc. ±fese*cDKa^sffi«c*ji» 

[0010] 

[001 1 ] in^. 1 iai8co^?B®«i«!iffliia(D^ 

[0012] s»*]«2ta*s©^l§©toi^)!a©^S:^^ 
5i. ±faoas«:)B^t-i/ca?>K:. liS*^ 1 fa«£©iti«5 

lffl)ia©e«:^Kfcl>-C. lllSjIg?:WffS©31-S§l5^> 
■C8 0 0 cm/:»-WTi-r-5C<!:?:i|$8Stt bt:i>i. 

[0013] n^^i^(o^^n<onwm<o^Wi^ 

tt. ±iB©Sj!i*fe^-ra/c26K. if:}?^i 
]12iat£©«!i%lffl)ia©««:*;SK:tei,^r. mw^^m^ 

[0014] st^4fe*s©^BJ©t6»fflsa©^«^s 

i5ie*s*i±fe©^s«f*3S© \/A^j±. 3 / 8 Jar 
©. «f$s 1 tx©ffiS*i±iB©^««oiffl8a^«^a5<^ 

J: 0 ±iH©)H8J!a^ffi?r«^T^ C <t ^rf^flti LTC^ 
[0015] lt*55ieiS©^B^©tt«ffl)!a©^«^S 

iHB)ia©^si«a«c*st,^-c. [iii£iis*itw$»©i^ii§P^ 

-CBOO cin/^JiiT-C*-5,Ci?:!^SaiL-CI,^2>. 
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[0016] sfS^lSe i24S©^^©Ul'^ttBa©l^^iB 
{i. ±l2©Pii?:)Syi1--5>/ci6{j:, iS5tc^4l!:rciiiS3? 
;i 5 iel£©i(itJli8a©^§^acc *>(, . ii> < <k 

10 [0017] i:se©^«:^-^i i/-c«. ef!ix«t^jS^« 

[0 0 1 8 ] ±ia©J§«:S-a<k L-ciS*s^«ft^ 
'iT^rn^. iffljaiJgite£©^{i:&a«:}i. ©itP^^-bb 

g / 1 KIT. «ffl)ia^§?g*©^^ffi?^?SS?55 0. 1 p p 
mJM±, SppmWT. ^Jl'3-:^igg*5 0. 1 1 
fcLh. fLK?fie[*^5 g/ 1 JilT©ffifflf<:-€-ti^niSIS3 

[0019] ±iE<D^m^micisiiztmm<^M^^m 
t LXiimmnmm(D i / 4«Ji. s / s wT©i5H*5 

3:/c. !I^Sl«C©BBa<i:L-C»SS«© 

mmmnm^<DWUs[timmm<o 1/15 j^±©;^:# s 

ptf^n. :Rf*e^K«> l/15fcLh, 1/4^©:^ 

30 ti^s©«cSt<kL-ni2«c«±©tSt 
[ 0 0 2 0 ] i /c. ±ie©^JiS{c*5W ^JWf H«. 

LTO- -15- . gSb<B5- -15- ^iS[©«i4 
*ia'C»:^|fi] Cessna I- i J: -5 «c, lief ^ ©SEStc^* 

40 «£iSa© 1-1/4 liS©fiS -5-©±. 
tSlfSWIlinISi L-C»««iK©i^Jaa5^-C8 0 0 c 
in/:&J;(T©aS*!^l-f^ti. mtmiiCit. 3 0 0cm 

8 0 0 c m/5^©SSA^^'^^<^S» 
[002 1 ] 

mm] n^misEiSi(D:^mi^*si.^xu. ti!mmm<Dm 
laes^*. ia}Eiiia*i±iB©JS««F*3S© i /4W 
±, 3/8fe(T©, m^s 1 ft©ffiffl**±s©*ss«© 
mm^mmuo>mis\^&imm<D i / 1 5 «± t s <fc ^ 

50 •5©-c, mumma^mnt^J^^MWitimaymmffjmmic 



J: *) W S c i « < . 

[0022] n^m 2 ieK(D:&ft(ctei^r neiis 
^r«^scDii-sa5»t: 8 0 0 c m/»JiiTi-rs©t:-. 

[0023] is^3ieK©:?3;^K:fct,irw> *i»a^« 
i^<D^^tcu-^c ti)i'c^i,tmc. ^^mm^mn 

[0024] ii^4l2K©«fi£CC*}lr^-C«> 

[0025] s«^55at£cD«fiS«:*5l,^T«. lii^S 
[0026] l«*^6ieK©«BSfC*st,^-C«, il?&< t 

[0 027] 

[0 028] HlJCTH-Tct'^K. *:^«^CCj!i>*»?>^S 
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[0 0 2 9 ] SS1i2«. t^^tf, g!e*'-7;^-?>X7^> 

^Jlfetf*-r-5.) 1 0*Wc$nri^2,. t*««2{ct*M 
2a3!>i^Wf>n-C4BO. C<DM2afC». iim?-*-:?' 

3. ^taaAtB, sfflft^wo-ge. ifflBaiRiiJW7. 

10 */c, ^*tt2Ki*. ^-fe>1>-. DO«e (SffS!^ 

^tt-t^i^i-^r V hrt©:4^S€ra3®^ metres 
ffl 2 rtO^lfe 1 0 ©Se*l)®^rif ^ C 4*^-C|f ^ ^ 

[0 03 0] ^Jfel OB, ^#3n-51ll%*ffllia (H^U 

sct,i, tiT. mcc rffliaj t«;-r^>) (CctoagES^s-** 

jSiR$n.S;05> taints, RPMI-1 640^m. 
20 '<3^S-Y-yjU^**i«fc!y^''^-i-F- 1 2^16*2 : 
1 : l©i?-&t?g^LfcRDF - I TESTIS (t*± 
6>. Affric. Biol. Chem. , 46(7). 
1 8 31-1937. 1982) ^rS^flSi L.. C© 

T»^ife*ifflC^P,n€.. C©MJfa?fS«ii«- JSliil*©Se 
igS*5 5mg/HitTK:f3i§§nrt^S©-C. sflfc*^e> 

[ 0 0 3 1 ] 1 0 tfi-c^s n2.ifflsa«. ^Mr ^ 

SWWcJ: oaa©fc©*^S!R$n^*5, f?(^tf. aw 
n-5. ^««[2l^©efl61 OCcaEASn/cjaBBB. 

!^©^fc.i:>g^!:ffliaiBS(ca-r ^> * -ctefi $ -a-zca. 

40 [0 03 2 ] jia5=-a-:?'3«. 0-^)WBat*jiffl 
■c#S:t,>*i. ^^.^j-K^ti^ttjifi-c*^:^*?©* 

j&iSL^nxmmm2n(omm ofcssisn-ri*^. a 

^9^:x-^3©fi?«. jimf-*-:?'3©l^i^. IgS 
r-5lBi)!a©S3S. ^S^^CC<t0fiSI©g3**9iS5 
tii>-i)\ mjL\t. i^a3'-10mm. rtS2 — 9 mm. 
SKS* 5 0%. m:Kl\M 2 a m ©^?Lt47 v ^i^JSi^ * 
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l^gtCtJ. /c»K^* SO-lOOOml/mi 

n. <mmvmfcLrtiii^<^ c©is^<^B?^itrss 

0^ (kLa) {*. |5j2~5 1 /h r-Cfe-S. 
[0 03 3] a^^*-:/3©5fe^I53a5*. Mf««2 
<DM2 a fC^W htltc-KiCt^X^tih C i <t 0 
2i1-gPK?lttiS3n-5>— jiM9^3.-:/3<D*^g|53 

3i»9^*-:7'3<D5fe^gP3 a«> ^^^Sl^i-^ 10 

*saasn-ci>s. .fco-r. aim5^3.-:/3«ffi-c. ^ 

«&1 0cfOi:KftJS*i:jl^^*-^3l^CDK^d:€:9^ 

mi OOffiSl 0 at?±ffijiSi.fc?fx.€)J:^«i:<Cot:i<» 
-5.. jim3^^-^3©^g|53 b*ie>lKI±13tlfc^* 

8ccj;o. :^ffi2nmc&a$ti5, se-^t:. 
c 0 0 3 4 ] s fc. ttisacD^sBatesssi^tt! 1 0 'p(Dm 

Sil/-C?gi?S#iag=&0. 1~3 ppmCCSIJtai-mtiJ: 30 
[0 03 5] 3im5^^-^3(D^^aJ3 a». 

ffil o©pHPS=fe?f^c:i*s-c*SJ:^CC!&-^-cc^ 

1^, ffim^*-7'3®*«BSi53b*tStai 0©?gH 
1 0 a(D±:&-CBaSH-Sf {CtgS«2<DS2 aiCSL»hti 

* - 7- 3 i li^lKcSmS fcKiJ^^ttiS L -C^ttl 1 0 © 4( 
^ 1 0 a -Ciffia^^rtf t>-a- ?>«fiS«C L "C J: V>. 

[0 0 36] at^a4(j. mt*. :^?->u;^^7'-; 

riiS. ±ig©ll3£lft4a03t«SI5CC{J. ^!>^c<^fc2 
«j©«Jfa4b-*siX>3{^we>tl-CI,»^). aB?»4b© 

If, StJ$a4b©}^yi;4:¥«««cjefiSbfc«-^«c». ffl 
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1 0*«C!gSIS-ti-5.fc«6CC, tKJl:H4b©a:&A <Bn 

^. m^MAhom^^'^) *s^#ffl2©rtsc©i/ 
4ti±. 3/8iaTt^c-SJ;^ncS3tcjK^Tnt3:J: 

[0 03 7] ttc. mnm4h<om^Bit. tmm^b 
o®a (AxB) *\ ^mm2^m;\^icm-ofcm^t'C 

fcW^^ifi! 1 0 ©8f:^IfiJ»f®S© 1/15 W-h. *f * 
<li. l/15ia±. l/4JilT<i;J:cSJ:^ncTS3«cff5 

1 0©«^{c4>J;.&*5. iS§B*5SSAic*tt-CliSl/ 

2 ~ 2 ^ <!: S ± ^ ^ci«5 {CjfJ gS;-r*xti<t C ^. JiiB©t« 
t*S4b-W. |51I£I44 aKStbr. 0~15' . 
KB. 5-15- ge©<S$4ftS*^cO-CK0ftW6 

nt:*i»3> JgJtel o*5±T:^isjcc^L^t,^J:^cc^co 

■Cl^'S, j^. tifl^SJ4 b - {i. Stftl 0*5^'i:^:frl^«cS£ 
nMc»J:^5i:. i5ifett4a3!pP>©iliEiS«i:*tLr. Ji-S 

WrfcJ:L». Sfc. |51lifi!i4aB. ^S^i2^K:*tU 
L.g(-^<fc-5{c. |Dlf£«i4a*^«lf2)SffitC*fUt:Sili: 

:)^ia]*^62 0- WT©I^S*^fi--c^wc:'f>«fc''^. 
[0038] ±fe©m»S4 b - a. *ffliaK:!a®«:^x 

2,c<htt<. jijiaj&eflfel occ!g.s§-i*s/cJt>cc. la^ 

a 4 b -©J1-^SP^©lElf£3SS**8 0 0 cm/m i n. 
jyT. KB. 3 0 0 c m/m i n. W±. 800 
cm/m i n. OT<t^t.S<J:^&2gt?««i-r2.J:^«C 
Jt-orteO. :i:(*WK:B, tmUAh-it. mi&lOi 
5r.p.m.JW±. 30r.p.m.feiT. «*b<B. lOr.p. 
m . J^±, 2 0 r . p .m .fctT^HIfelfc-cmJ^t- -5> J: ^ (C -c. 
-CCS. CC-C. (gtC. Jii$S4 b©SgA*iSS«2 
©l*9SC O 1 / 4 i •2. <fe ^ ^Cfi 3 JBtiS-r 2> <!: . 
«^»4 b- • iSrS 0 r.p.m.©lHSiJ["C@iE$-if"C fcMiia 
?:eiftl 0cfCC!gS3-ti-'5Ci*s-C*rj:(,>©TSf*L/< 
tj:<^ ttc. mwn 4 b 0»fi A 2 ©rtSC © 

3/8J:!3 4):*t*<>:tS<fc^"^iJ^5«^ff5'''''^*<!^> 
S4baS<i:^«ft2l*3Mi©ra-CJgi61 OtCSL^^^ 

ga©<I:5K«#a4b©SSA?r89:Sb. JtP-^. 

4b --©lEieiB:*Miai-r-2)ili-C. lffl»Stcia«€r-^^4 

[0039] »^^E4©|5Ii044aB, ^««2 
jSii(ctai:r 6 n/c7i;cc»A S <1 S C <!: -CJgSffll 2 il-SPCC 
?l^ffi$ti^.Rt)»)«c> l^««l2©^2a{cSlt6nfc 

?v(ci^ A 3 n •& c i -cmmn 2 gi#a$n-cfcj: 

©-C. ^««2©^ji4fSB&^t-r6Ci*ir*4. 
[ 0 0 4 0 ] 0 1 K:if>-r<fc Jje©igtfiJS#B!l'?« 

3 mfsim-cim^tixao. ^siS2©^2aecs»e.n 
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fc5x{cjf A ^ n C i iC J: *) 2 ?^a55cg I * Hi $ n 

[004 1] ±^i<DA'C^mm 1 1 *fflia«cam«:^ 

1 0©±i1l*3 0 0xB«T> 5fSL<W. lOOxg 

JS: "D . Sift 1 0 ©±?§©fe# W b «ra^5CtT IS^K 
*5. a-C'^^fStS 1 1 » 1 ~ 2 0 1 /h 0?gS*«KlXfiS 
Vf^vi/CC 1 0 0 : -fe^ ^ 'J^'^i' • ^- • t^-- 
[0042] ±ia©e«&aA1 5 »- »f LC»m*iA-5 

rc^s^tftBfigfl I4cc«g£sn-!: 

{j:}fA3tiTl»2.. -&L-C. :eJ(k?£A'B5». Se^Ji^if 

jga 1 3^c^^p.n-5.g6<]«^*^^'ceia^l3Jfi©sf i^i-^ 
[0043] ±ia©ffiffi-fe>i^- 

2F^K:fcW^>«Jai 0©?Rffil 0 a©{4S*<^»lL/"C. 
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s^rSiML-c. s^t£m=&siiai^accA:^j-r4. c^icc 
io. sois^giJ. ^taaA«5*>e>et*&3nssTOc> 

^fc;p^s^©fi=s:i)3gpL'-^. Jt«ki ^^<r>mnmmm.^ 

0. Ippmiai. 3ppmJ-:tTCC. ^;Ua-;?.?SS€r 

0 . 1 g/ 1 ti±tc> ?L^7Sg?r 5 g/ 1 tiTcc-en-e 
10 awti©4^*tT^sii©^*^^'^^'^'=fc^«^'''^-''^ 

[0044] Sift 1 0 ^©j^^e^jSSA^O . 

1 p p TSi^mtts.htvmim'K^i^fi- -s^-cws i. 

</S<> ?g??K!^SS*53 PPniJ:»)^< ''.i:^<t 

i«£2.i*fflBaAi^^K:t«5iL.i:cC»©-CJfSO<«C<. - 
-H. ¥LKigS*5 5g/l J:D^<&?)t*fflBaK*f-r2>S 
< 0 . iffllia©r£tt*5fiT0-c^??^«s<ST-r 

5©-c»*L/<^ci^ 1^. o©3:£^^ mm.) 
t*. ^«^**ffl)!a©a3i^*iB«ass^«c*>«k**^- e§ 

lg2(*3©^iafiK:*fL. 0. S-BH/BUKi-rntf 
[0045] 'XtC. ^^<D^WiB-(0-9M^\t\^ _ 

-c, ±ta«t)i£©s«^»i*^''*'^*ffl*s©ai^iSS^iT 

fcSa^J!^©^*! 0*'C^®*S^*- iJ^TOCTn-r^ff'C^^ 

[ 0 0 4 6 ] Jiie©^mJ. 1 ) ^tt! 1 0 i L/-C. RD 
F - I TE S^J643fe^0^cftjfiLtteMa^ift'C*>^- 
^UC^nf J:^^CES»lfflEE©S-RDF- I TES^HIl 
^rffltifc. *K:*sc^^.t h h^>;^:7i 'J> (2. 
Omg/l ) *Jj:0''5i^'f >~>^ (2. Omg/ 
1 ) diSeiS^-CiO. J:-^-C. S-RDF- I TES 

eia©sa?ss«4. omg/1 ccia^^n-ct,ii, * 

[0 047] 

[«n 



(7) 



n 
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[0 04 8] */c. 2) tS^aiOSSffl2<!:Ur. 40 
rtg2 5 0inm. lS$4 8 0inni. gS2 0 I CD¥JS>^ 
1.-7T-J<>:$f-(FZ2000: r Jl/:7 t -^v^'JV' 

-S>C<bCCj:OtTofco 3) }«¥H4b-^<?:U-C. 

4t3(S4ffiV\ @lsl44a;c*fC''C. 5* CD«l4ftS€ 
J^cU-CgXOf^l:^. 5-^ 1 5 r.p.m.Oiai^'Cliie^-li 



(465-50-S7: . 
O'DOmS (<*)25mm-70 : -Y>=i;UhS. 

[0049] $6tC. 6 ) )NfiJ!aoS#5^. ^S^SIT 
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CO 050 ] -7:^3 (mTnit-T) i L-'C. SSI 
BOmlOSg^SlS*^^^^^ <T-7^^3 : =i 

[0 05 1 3 EI3tC7n-r<fc^{c. 1 l^L)S7 77.3£b 
-C. F*?S 10 0mm, ig$ 2 0 0 mmcD*'-7;^i!{Xf:^ 

/£. c«3DXk-:^-7 5X=i2 2CC*il-t?.}i«J^IH2 4© 
«is2 4b-iL.r. ^Si^CCj^fiRbZ-cSfiA, 
0mm, i^SB, 3()5 2 0mm©2KS?:ffl<->fc. ji»75 

:^t•:^-75•;^^2 2ic, SS^b^it* p H«S 
(40 5-DPAS-K8S/3 2 5 : ^>3;UhSS, 
^roomtfc. Secc, Xff--:77^32 2 

[0052] ^4{CS^-rJ:^>«C, 6 1 ?Ll£7 L 
r, i^gSlQOmm, 2 5 0 mm<Dtf "7 :f,mi^l^ 
^'-.yr-jt^Hi- (^BB-'^';3f•*'7;^S!, *m) 3 2 
tm^^tCo CCr)Wet^t-7T-^>5'-3 2K:*5l-t2> 
Ji#iia3 4©«^g3 4b-iL-C, 
fcgfiA. 3554 0mm, ilSSB. *i8 0mmO4ftS5: 
fflC^ HteflllS 4 aK:??^^!:. 5' (DISI^ftfi^r'iL-C 
KDffW/c„ 5^;i-^jim*1f^jim5^*-7'3 StO 
■C. nS7mm©^?Ltt7 -j^^BI^^-'^ (A-f^'? 

«m) 3 m*S!SS£l^K:#t.^t:, ^LM-^f-^r- 30 
y>^»-3 2rtccs^»:fc. ±iacDASv>i'-7T 

-^>$-32{C, pHS® (4 05-DPAS-K8 
S/3 2 5 : >3 hii. X) 3 9a, fciO'D 
Omfi (* 1 4 mm : ^M-'W:rx>-:;'K. 3 9 

h'kmKimifc. setc, A^i;=-»'-:7T-y>if-3 

2 l*30igta<D?afi*IJffll». i^ + -7T-^>$-32{1- 

{C J: 0 tf /c, f^, «l*^^a 3 4 CDlR^ilS^ p H^<D 
E^nL.^£t>*IIffll«g <MCT - 3 S : AS 

[005 3] -eor, ±iB©l ) ~6) o^frT-c, ffl 

ffl2)rt©S-RDF-ITESetlil (>gtt! 1 0 ) ^K. 
eg*^L)fc. m^^mmm l ~3 i L-CWTCC;^^ 

[0054] cietewn fflBSii^"^- 

•7P3X63Ag8. 6 5 3it h'J W^HJi^SiaaSi 50 
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[005 5] 5tT, fflia^. T--7 5;^3[*30iS«!l7 0 
ml«c. iNBHaffiSl. 0X10' <l/m 1 inc^xfc^fC 
SaU-CiSSl/, -gj^b^^eB^WSH^T, 3 7 

•c-ci?iaf -Si. ts«ga>^^^3Ha^c. *ffliiaSfS7. 4 

(aW«5. t h I bM) ?gStt2 8mg/ 1 -Cfc-o 

[0 05 6] 'XK. T-7 7X:3rt-Clt?Sl//cfflia=£, 
;^b-:f--7^X=i2 2rtcD^Jfe5 0 0m 1 CC, ifflSSffi^ 
1. QXIO' <l/ml iniSi^tCgaL-CS^SL, 
37 -C, PH6. 8~7. 1, 3 Or.p.m.tDlil^ia-Cta 

fiiT-st, ^«ga*feft3HSic, jBijasse. 6xio 

«2 Bmg/ 1 -r^ofc. 

[0057] Xf-^--^ 7:^=12 2 I^-CtiML, 

fclfflja?:. ^lSi^i'-^T->>f-32l^©Stt!5 I 
(CfflSaffiSl- 0 X 1 0' il/m I .fc-^K^a 
L-CSSU, 3 7-C. pH6. 8~7. 1. 1 3 r.p.m. 

7. 9X10' il/mlCCifjaUfc. tfc. ^SI*?Tii# 
■CO!n*iIS5J 30mg/l-CS)^fo, 
[0058] ±§e©J; L-CH>r^^L./c*fflfla?r, ¥® 

y,^_^7_^>i?-rtomi 5 nc. fflsassi. 

8X10' l@/ml <b^i^<fc^«CfiiaU-C!g.?SU, 3 7 
"C. pH6. 8~7. 1. 1 0 r.p.m. ©mSSSScCtiJfb 

SUIS*2 0 0~5 0 Om 1/m i n. iL, ^^»pa 

Bppmtce^, mmtii^mt i>icUi>K ^a*©^^ 

^^•E^titll S -STig^^^rSfi^ 0 . 5 ~ 3 p P mKM 

8X10- m/m 1 CClt?eL//c. COK|.#.-C4^ia?tfi£ 
^Ml*3^0, *^«Pa*6a4B@J':i 

it) W, ^Jg-:/i'-7T->>^-F*?©*StavSfi Cl 5 
1) «C^U. 1-1. 311/Bibfc, i;/c, 
lyjifi, ^i)fec^3©yjU3-xfffiS^l g/l ?LKiS 
2 . 7 g / 1 taTK^tl-en» Lfc. 
[0059] ±ta©J: Lrfflja* l 5 BPbI, 
r-St, a2K7j^TJ:^'^c*lliiaS?SKtSfiU, 
*S'^13BetC, fflliaffig7. 7X10' m/m\tts. 

Itl 0 5mg/l ttj:-:>tCo 
[0060] 
[«2] 
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52 
62 
75 
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[006 1] «±©^m*»?>> ±Mimi&<Dmm&s. 1 

[0062] [||JSt«I2) «BJia<tU-C> ■7■^7;^5iCl- 
•rP3X63Ag8. 65 3i-r>!7^';>^^^t<DfflBa 

[0 06 3] 3tr- fflja?:- T-77:^=>rt©J$K67 0 
mice. JffllSSKl. IX 1 0' «/ml i>a-5J:^K: 
g5«U-C!g?SU. -Slib^SS5%0#H^T. 3 7 

•c-C'»g-r ^ t . 4 0 @«c. *ffl)!a«s 1 . 1 

5X10" ffl/m 1 KitJit/c. ffliaco(SflnK!FFa1Si2 

8. iifisra-c*r>/c. 

[0 064] 'Xtc, T-7 7;^3|*3-CJt5iL/?cfflBa?:. 
;^.ff-7-7X32 2rt©Jgi65 0 0m 1 CC. tffljaffigt 
2. 7X10' fli/m 1 <h>5:-SJ:5«cgai/rSSL.. 
37 'C, pH6. 8-7. 1, 2 Or.p.m.CDiaiSISfCjS 

irrst. j$sraj^®3BSic. UBia^gs. 2x10 

' ffi/m MCiSJiL/Zc, |fflBac75eJ]nB^ia«4 4 . 6B$ia 

[0065] ^hiC. 7^^=3 2 2 rt-CiSJlL 

K. lffljaffiS3. 1 X 1 0' ffl/ml i&'Sct'SKlSS 
OrSKSL. 37-C. pH6. 8~7. 1. 1 2 r.p.m. 

1 . 0 5X10* ffl/m 1 tCifJi tfc. IfflBawOJn^H 

[J2 7. osjrar^ofc. 

[0066] ±iecD<i: U-CM^ftL'fcJBIBa?:. ¥S 
y;^_7^_y>ir-rt(7)^i4l 4. 51K, JfflJB^S 

2. 9x 1 0' ffl/m 1 i^iSJ:^'{cg?ab-rSSL. 
37 'C, pH6. 8->-7. K 1 0 r.p.m. CDlDKIKt^S 
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!^ia¥6- 1 0 568 0 
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(Djim3iS%2 0 0~5 0 Om 1 /m i n. it^ 

2~6ppinK:«%. mAiieJi-rscceet,*, ^m«<D 

KfR^3-ff**«ttlS1i-C^??K*?Sia[*0. 5-3 ppm 
{c*iJfflIL.fc. ■r^.t- *S^I8te«4B@{c, ffliaiBS 

1 . 0 8x10' ii/m 1 icmmuc. com^x-sm 

BS«C. ffflja^ffil . 3 3X10' m/m 1 «Ctt?iL 
(C. *^«|§J^S6B@lil^»a^«^fii^*iT->/c. 
^f-I^OD^lft/gfi < 1 4. 5 1)CC*fL, 1. 5-2. 
-^m.'S:^- 5g/l«±. ?LS8SK4 2. 3g/l 

[0067] ±iB<DJ; ^CC L-ClfflBa* 1 8 BUS. 
-rSi. «3K:n^-ri:^ncittl8affifiK:J«Mb. ^^SM 
jr&mi8BeiC> tfflgafES3. 4X10' d/m 1 <bfe 

[0068] 
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[0069] ti±©^**> 6 . Jii2«lgS©^«^S 1 te 

[0070] C^WSD ifflJiaib-C. TJ-vJL'AllBlia* 

[0O7 1]5tr. fflia?:. T-7vx^3rt<^tS«57 0 
mUC. iffl)iaSS2. ox 1 0' <l/m 1 <!:fe2..fc^«C 

sau-cKSL. riJ{l:K3^fi5%©#ffl^T. 3 7 



CIO) 

17 

'c-cms.-tit. ^mmm4 hbcc. mmm&Q .4 c 0 0 7 e ] 

X 1 0 ' {i/m 1 tctfjib/c. mm(D{simmt4: 3 . [S4j 

tHgM)igSW5. 8mg/l -C*-5/c„ 
[007 2] 'X«C, T-7 7;^3F*grliMl//cJffl8a5:> 
;?.ff--:7^;^=i2 2rt©^ife5 0 Om 1 ic. ffliaSiS 
2. 1 X 1 0» il/m 1 i)&-?)<t^>CClgat-CS^L> 
37 "C, pH6. 8--7. K 1 5 r.p.m.ffiUfef^'r-}! 

t^-rsi:, Jg«5a*&?*4Be4c. ffljffiBSi. 27x1 
1 vhr>ic, 

[0073] §5{C. ;^t±-7^X=i2 2l^-Ctt5iU 
fcfflia?:. 3tUgi^-P-:?T-^>^'-3 2rt©^il65 1 
tc. «aSaffiS2. 6X10' ffl/ml i^cSJ:^>iC^a 
[y-cmSL. 3 7'C. pH6. 8-7. 1, 1 5 r.p.m. 

7 . 9x10' <i/m 1 cct^ofc. ffliaoigun^^ii 
7 1. emrs-cib-yfc, */c. ^«*?7ii$-c©in:«=iss 

l±3. 9mg/l-C*>-3/c, 20 
[0 074] ±ia<DJ:^fctrBaS#L.fc*ffljia?:. ¥S 

e^-f-^T-jo^f-i^wJgiti 5. 8 1 cc. mtams. 

2. 3X10' ji/m 1 i^c€.J:^«CgaO-C!SSl>. 
3 7'C. pH6. 8~7. 1. 1 Or.p.in.©lHlKlfc"CJX 

OjituiS4 200~500m 1 /m in. i L . 

ges^ii4*tai s^i:-cmw&iMWkm^ o . 5 ~ 3 p p m 
tc^j'iSiL/c. -rixk, 3 Be cc, MiasK 30 

9 . 2X10' S/m I iCiiML//c. C ©^.^t? 3 mrS 

MSBS. 1 . 7X10* <l/m 1 (Cit5iO/c. C©B^.* 
-C3ll#p^jtiS*m\ S«l=S:3S»!0:^c, 2f:^«W*SfM6 
aSK, *I»a«e2 .7X1 0'<l/m 1 (ClfMU/c. 

c©B#,ds-c3B#pa?iss?:m^, eta?: ore 
Ba*s?^7 setc, iffljiaas4. i x i c <i/m i ccj^ 

C©B#*-C3B#PDmflfe?rtfl.\ ^Jft^ri^feO. 

fc. 1^. J$mO^^ (fim) ». ^SS^-i'-^r- 40 
y>f-rt©iSfl6ffi« (1 5. 8 1)CC>ftL. 1. 5- 

-y^iSSL^l. 5g/lW±. ?LSfiSe?:2. 5g/l 

. [0 07 5 ] ±iaoj:5tct-ciffl)ia%2 1 era. 
tem2oaecc. ffljassi. 8x1 c <i/ini t^c 

StJ. 1 0~1 9ms/l iSSl^fc. 50 
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[007 7] iU±OS**^^. ±SBflt)jS®^«^S 1 *5 
[ 0 0 7 8 ] f^. ±iE©*«feW 1 ~ 3 «- *^^©SS 

eti 1 0 ©fiS^ffifiK. mmomm. em©sK^pHi? 

K:[r.D-cji:i[^M*^°ifi6-t**. »©esas^ 
mw it. ^7a&. ±i2©^fiaii^3(C7nbfcB»-c 

[0079] 

/4W±. 3 /SWT©. JS^S 1 ti©ffiS*i±sa©JS 

«1t©!ffl)iae*?gSI5o^r6i»fffia© 1 / 1 sa±.trj: 
[0 08 0] cntcj:^, mimmi)itmt.cj:im9iti 



[008 1] nmm2nt&(D^m<Dnm&m(D^mi5m 

[0 08 2] cntcj;»3. t^J^g5ll)la*W5cJ;5l3»^:^ 

[0 083] 3 tais©^?«©«i«ffl8a®^*^^ 

[0084] ctncj:K>. mmmf^'iwmmmvit^-c 
[0085] n^4tm<o^^M<onmam<Dm^s 

it. JiLh©J:'5CC. |iIiE^a*iiiBB©^fflrta© 1 / 
4«±. 3/8 WT©. tH#S 1 fe©®S*^-t:iB©SS 

^©»^«vgSB©«E:^i6]»rM«© lyi^ahtu^ 

c©«^SK:J:»3±g2©fflSaJgSiS*J^^^'5>« 
[0 08 6] cn{Cj;0. tiJ^BJifflliaK:. Ii^CCj:^S3»r 

[0087] ff^5faS£©*Bg©«J»H)ia©^^S 
it. JiLh©<t:Otc. iS^i®4f2ig©llJiB5Jfflfla©^«^S 
{C*5ti-C. |lSKjiSdi«^S©i1-m55-r 8 0 0 cm/ 

[0 08 8] cntcj:*?, tbigjffliatc. «»{cJ:S|3Bi 
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[008 9] iS3}?J16 iB3S©^?B©lll»iia©^S^S 
tt, tH:©J:'5'C. iajicJS 4 S /cliW3}?5 5 iSig©«Jia 
JfflBa©e#^S«c*5l,>-r. ::i>irj:< i^j^fLtt^a-:^* 

10 c='?)^-r*-£'. 

[0 09 0] cnCCj;i3. ^S«l*3*«iiB5lfflSacci ot: 

ii®©^«:cc»-5 c <!: * ^ i tttc. ws'mmmifimn 

[0®©iSim^c5ftll] 

[H 1 ] :$:^BB(D— il]ffi«^{c*>t-t-5^^SIS©^fi£?:Jn 

[0 2 ] ±ia^«i^S«cteW5tI?fS©:*:^ S ^JTi^sJi 

20 H^0-c*S, 

[US] fi^#Kffil^'S:^f:^-75^3©|ft?§0-C*. 

[124] |5^«{C^I-^S?L^i^i'-^7->>-5f-©Si 

[f?#©S5i?«] 
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